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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to an interlayer film for laminated glass and to a laminated glass in which said 
interlayer film for laminated glass is used. 

BACKGROUND ART 

10 [0002] Laminated glass comprising at least two glass sheets and a plasticized polyvinyl butyral) interlayer film sand- 
wiched therebetween has fundamental characteristics required of laminated glass. For example, it has good transpar- 
ency, weather resistance, bond strength, and penetration resistance. It hardly allows its fragments to scatter. Thus, it 
has so far been widely used as the windshields of automobiles or buildings, for instance. 

[0003] While laminated glass of this kind is excellent in fundamental characteristics such as mentioned above and 
15 in safety, it is poor in moisture resistance. Thus, when the above-mentioned laminated glass is used in a high humidity 
environment, a problem may arise; namely, the interlayer film in the peripheral region of the laminate may whiten, since 
the peripheral edges of laminated glass are in direct contact with the environmental air. 

[0004] This phenomenon of blushing is associated with the additive used for adjusting the bond strength between 
the interlayer film and the glass, as mentioned below. 

20 [0005] In order that the laminated glass will sufficiently discharge the functions mentioned above, it is necessary to 
adjust the bond strength between interlayer film and glass so that it may fall within an adequate range. Thus, if the 
bond strength between interlayer film and glass is too weak, glass fragments formed upon breakage due to an external 
shock may peel off from the interlayer film and scatter to increase the risk for injuring the human bodies and other 
objects. If, conversely, the bond strength between interlayer film and glass is excessively high, the glass and interlayer 

25 film tend to break simultaneously upon receiving a shock load whereupon glass fragments accompanying fragments 
of the interlayer film will scatter, thus increasing the risks for injuring the human bodies and other objects. 
[0006] On the contrary, when the bond strength between interlayer film and glass is within an adequate range, break- 
age of glass occurs over a wide area and results in concurrent partial interfacial peeling of the interlayer film and glass 
from each other and elongation of the interlayer film, and these phenomena are effective in increasing the resistance 

30 against shock and penetration. 

[0007] Thus, in order to insure that, taking a traffic accident involving an automobile as an example, the shock to the 
driver and/or passenger may be absorbed, the risk for their being hauled through the broken windshield may be pre- 
vented or, in the case of an accident related to a building, the penetration of flying objects against the window pane or 
scattering of broken glass fragments may be prevented, the bond strength between interlayer film and glass must be 

35 judiciously controlled within said suitable range. 

[0008] In view of the foregoing, various bond strength control agents for the interlayer film have so far been investi- 
gated in order to adjust the bond strength between interlayer film and glass to a level within an adequate range. 
[0009] Thus, for example, Japanese Kokoku Publication Sho-46-4270 proposes an interlayer film for laminated glass 
which comprises a polyvinyl acetal) resin composition containing 0.2 to 0.8% by weight of water and a specific amount 

40 of a specific metal alkylcarboxylate as a bond strength control agent. The bond strength between the interlayer film 
and glass according to the above proposal is adjusted to an adequate range by varying the proportions of the metal 
alkylcarboxylate distributed in the superficial layer of the interlayer film and in the inside layer of the interlayer film or 
varying the water content of the interlayer film. 

[0010] The metal alkylcarboxylate-containing interlayer film such as proposed in the above publication, however, is 
45 low in moisture resistance, and the laminated glass manufactured by using said interlayer film has a problem in that 
when allowed to stand in a high-humidity atmosphere, it tends to undergo severe blushing due to moisture absorption 
by the interlayer film as the metal alkylcarboxylate content increases since the interlayer film is in direct contact with 
air in the peripheral region of the laminated glass. The phenomenon of blushing of the interlayer film may be prevented 
by decreasing the amount of the metal alkylcarboxylate as far as possible or avoiding the use thereof but, in that case, 
50 there occurs a problem crucial for the laminated glass that the bond strength between interlayer film and glass exceeds 
the proper range and is ready to allow simultaneous breakage or penetration of the glass and interlayer film upon 
recieving to an external shock load or the like. 

[001 1 ] In Japanese Kokoku Publication Sho-44-321 85, there is proposed an interlayer film for laminated glass which 
comprises a molded polyvinyl acetal) resin having a water content of 0.1 to 0.8% and containing 0.01 to 3 parts by 
55 weight, per 100 parts by weight of the resin, of at least one organic acid selected from among monocarboxylic acids 
containing 6 to 22 carbon atoms, dicarboxylic acids containing 4 to 1 2 carbon atoms, aliphatic monoaminomonocar- 
boxylic acids containing 2 to 6 carbon atoms, aliphatic monoaminodicarboxylic acids containing 4 or 5 carbon atoms, 
citric acid, and mixtures thereof. 
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[0012] However, this interlayer film has the drawback that the addition of such a carboxylic acid causes the bond 
strength to change with the lapse of time. Moreover, another problem may arise; the acid may adversely affect the 
heat resistance and weather resistance of the interlayer film. 

[0013] Japanese Kokoku Publication Sho-48-5772 discloses a laminate glass comprising at least two glass sheets 
5 glued together by means of a plasticized polyvinyl acetal) resin composition, said plasticized polyvinyl acetal) resin 
composition contains the sodium metal salt of an aliphatic carboxylic acid containing 10 to 22 carbon atoms. 
[0014] Furthermore, in Japanese Kokoku Publication Sho-53-1 8207, the use is proposed of an alkali metal or alkaline 
earth metal salt of a monocarboxylic or dicarboxylic acid as a bond strength control agent in the plasticized polyvinyl 
acetal) resin interlayer film. 

10 [0015] In either of the above two proposals, a metal salt of a carboxylic acid containing a relatively large number of 
carbon atoms is used as the bond strength control agent, since such salt is readily soluble in the plasticizer contained 
in the interlayer film. 

[0016] However, when a metal salt of a carboxylic acid containing a large number of carbon atoms is used as the 
bond strength control agent, there occurs a problem that the bond strength between interlayer film and glass changes 

15 with the lapse of time. Thus, even when the bond strength is adequate initially, the bond strength will gradually decrease 
with the lapse of time and the glass will readily undergo peeling when it receives a shock. For preventing this decrease 
in bond strength, it is necessary to mature the interlayer film by storing the same in an atmosphere of 40 to 50°C for 
1 to 2 months, for instance. However, since the interlayer film has tackiness and a tendency toward self-adhesion, it 
is as a matter of fact difficult to store the interlayer film in such an atmosphere as mentioned above for a long period 

20 of time. Even if the maturing is performed, the decrease in bond strength with the lapse of time can be retarded but 
cannot be made nil, and the problem mentioned above still remains. 

[0017] Japanese Kokai Publication Sho-60-21 0551 discloses a laminated glass comprising at least two glass sheets 
glued together by means of an interlayer film composed of a plasticized polyvinyl acetal) resin containing, or carrying 
as adhered thereto, 0.02 to 0.40 part by weight of the potassium salt of a monocarboxylic acid containing 1 to 6 carbon 
25 atoms and 0.01 to 0.26 part by weight of a modified silicone oil per 100 parts by weight of said resin. Certain metal 
salts, however, may cause blushing of the laminated glass due to their coagulation in the form of particles within the 
interlayer film. Therefore, from the viewpoint of long-term prevention of blushing resulting from moisture absorption, 
said laminated glass cannot be said to be a perfect one. 

[0018] In Japanese Kokoku Publication Hei-02-41 547, there is proposed a polyvinyl butyral) sheet in which an alkali 
30 or alkaline earth metal salt of formic acid is used as the bond strength control agent. Furthermore, in Japanese Kohyo 
Publication Hei-06-502594, an interlayer film containing potassium acetate added as a bond strength control agent is 
used in the examples of its specification. 

[0019] In the three proposals mentioned above, a metal salt of a carboxylic acid containing a relatively small number 
of carbon atoms is used to overcome the problems mentioned above in relation to the use of a metal salt of a carboxylic 

35 acid containing a large number of carbon atoms. 

[0020] When a metal salt of a carboxylic acid containing a small number of carbon atoms is used as the bond strength 
control agent, the problem of the decrease in bond strength between interlayer film and glass with lapse of time can 
indeed be solved but the moisture resistance of the interlayer film becomes insufficient and, as a result, another problem 
arises, namely the peripheral (edge) region of the laminated glass tends to undergo blushing due to absorption of 

40 moisture. 

[0021] More specifically, the interlayer film is generally capable of absorbing moisture under ordinary atmospheric 
(humidity) conditions and, therefore, in using it in the manufacture of a laminated glass, it is common practice to submit 
the interlayer film to the lamination process after adjusting its water content to not more than about 0.5% by weight in 
an atmosphere of 25% RH, for instance. Since, however, the peripheral region of laminated glass are generally exposed, 

45 the interlayer film absorbs moisture in a high-humidity environment, whereby the water content increases to about 2 
to 3% by weight. On that occasion, water gathers around minute crystals of said metal salt of a carboxylic acid containing 
a small number of carbon atoms, such as potassium acetate, magnesium acetate or potassium formate, as occurring 
in the interlayer film, to cause blushing. If the addition amount of the carboxylic acid containing a small number of 
carbon atoms or a salt thereof is decreased to prevent blushing, the bond strength between interlayer film and glass 

so will deviate from the proper range, hence the shock absorbing potential, penetration resistance and other properties 
of the laminated glass will become insufficient. 

[0022] In Japanese Kokai Publication Hei-05-1 86250, an attempt is made to improve the carboxylic acid salt-con- 
taining interlayer film in respect of blushing by using an interlayer film for laminated glass which is composed of a resin 
composition comprising a polyvinyl acetal) resin, a plasticizer, an alkali or alkaline earth metal salt of a mono- or 
55 dicarboxylic acid containing not more than 12 carbon atoms and an organic acid. 

[0023] Furthermore, in Japanese Kokai Publication Hei-07-41340, an interlayer film for laminated glass is proposed 
which is formed from a resin composition comprising a polyvinyl acetal) resin, a plasticizer, a carboxylic acid metal 
salt and a straight-chain fatty acid. 
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[0024] The laminated glass including the interiayer film for laminated glasses according to the above proposals show 
reduced degrees of blushing in the peripheral region in moisture resistance testing but the extent of reduction in blushing 
is yet unsatisfactory. Moreover, if the content of the straight-chain fatty acid is increased for further reducing the degree 
of blushing, foaming and/or discoloration may possibly occur when the laminated glass is exposed to a relatively high 
temperature. 

[0025] While the interiayer films proposed in the above-cited publications are results of attempts to solve the blushing 
problem by improving the bond strength control agent, those interiayer films which contain no bond strength control 
agent also whiten as a result of moisture absorption. Our recent research works have revealed that those impurities 
mentioned below in the resin are involved in the blushing phenomenon as one of the causes thereof. 
[0026] The interiayer film for laminated glass of the present invention comprises a polyvinyl aceta!) resin as the main 
component thereof. The process for producing polyvinyl acetal) resins comprises a step of neutralization. In this neu- 
tralization process, an aqueous solution of sodium hydroxide, sodium hydrogen carbonate or the like sodium salt is 
used. When the sodium salt is used in excess or when another sodium salt is formed as a result of neutralization, the 
sodium salt may remain in the product polyvinyl acetal) resin. This residual sodium salt forms particles during polym- 
erization and/or drying, and those particles promote the aggregation of water on the occasion of water absorption by 
the polyvinyl acetal) resin, hence serve as a major cause of blushing of the product interiayer film for laminated glass 
due to moisture absorption. Furthermore, a sodium salt may remain even in polyvinyl alcohol) in some instances, and 
this sodium salt may also serve as a cause of blushing of the interiayer film for laminated glass due to moisture ab- 
sorption in certain instances. 

[0027] In recent years, the trend toward the use of laminated glass as the automobile side glass screen or in buildings 
has been increasing and, in these applications, laminated glass is often used with the peripheral portions thereof being 
exposed. The need for preventing the blushing phenomenon is becoming more and more increased. 

SUMMARY OF THE INVENTION 

[0028] The present invention which solves the above problems has it for its object to provide an interiayer film for 
laminated glass and a laminated glass in which said interiayer film is used and which shows a much decreased extent 
of blushing of the peripheral region thereof even when placed in a high-humidity atmosphere, without compromise in 
those fundamental performance characteristics which are required of laminated glass, such as transparency, weather 
resistance, adhesion and penetration resistance. 

[0029] The present invention consists in an interiayer film for laminated glass comprising a plasticized polyvinyl 
acetal) resin and having the haze after 24 hours of immersion of not more than 50% when said interiayer film with a 
thickness of 0.3 to 0.8 mm is immersed in water at 23°C under the conditions indicated below. 

DETAILED DESCRIPTION OF THE INVENTION 

[0030] In the following, the present invention is described in detail. 

[0031] The interiayer film for laminated glass of the present invention consisting essentially of a plasticized polyvinyl 
acetal)resin is such that when said interiayer film with a thickness of 0.3 to 0.8 mm is cut to 4 x 4 cm and immersed in 
deionized water at 23°C, the haze value after 24 hours of immersion is not more than 50% as measured by using an 
integrating turbidimeter manufactured by Tokyo Denshoku. 

[0032] The inventors of the present invention found that an interiayer film for laminated glass showing a haze of not 
more than 50% when said interiayer film with a thickness of 0.3 to 0.8 mm is immersed in deionised water at 23°C for 
24 hours as indicated above is excellent in moisture resistance, showing little blushing in the peripheral region of the 
laminated glass even when placed in a high-hmidity atmosphere. Based on this finding, the present invention has been 
completed. 

[0033] When the haze mentioned above exceeds 50%, the blushing under high-humidity conditions cannot be fully 
prevented and poor moisture resistance may result, hence the above range is critical. In the present specification, said 
haze means a value measured by using an integrating turbidimeter manufactured by Tokyo Denshoku after 24 hours 
of immersion of a sample interiayer film of 4 x 4 cm with a thickness of 0.3 to 0.8 mm in deionized water at 23?C. 
[0034] The interiayer film for laminated glass of the present invention comprises a plasticized polyvinyl acetal) resin 
film, and said plasticized polyvinyl acetal) sheet contains a polyvinyl acetal) resin as a main component. 
[0035] Said poly( vinyl acetal) resin preferably has an average degree of acetalization of 40 to 75 mole percent. When 
said degree is less than 40 mole percent, the compatibility with the plasticizer will be low, making it difficult; in some 
instances, to incorporate the plasticizer in an amount necessary for securing penetration resistance. When said degree 
is over 75 mole percent, the resulting interiayer film for laminated glass will have a low mechanical strength and, in 
addition, a prolonged reaction time will be required for resin preparation, which is often undesirable from the process 
viewpoint. A more preferred range is 60 to 75 mole percent. When said degree is less than 60 mole percent, the 
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hygroscopicity will be high and, therefore, blushing may readily occur in some instances. A still more preferred range 
is 64 to 71 mole percent. 

[0036] In the above plasticized polyvinyl acetal) resin, the vinyl acetate content is preferably not more than 30 mole 
percent. When it is over 30 mole percent, blocking will readily occur in the process of resin production, making the 
5 resin production difficult. It is preferred that said content be not more than 19 mole percent. 

[0037] Said plasticized polyvinyl acetal) resin comprises a vinyl acetal component, a vinyl alcohol component and 
a vinyl acetate component. These components can be quantitated according to JIS K 6728 "Methods of testing poly 
(vinyl butyral)" or by the nuclear magnetic resonance (NMR) method, for instance. 

[0038] In cases where the polyvinyl acetal) resin comprises other than a polyvinyl butyral) resin, the vinyl alcohol 
10 component and vinyl acetate component are first quantitated. The amount of the remaining vinyl acetal component 
can then be calculated by subtracting the amounts of the above both components from 100. 
[0039] The polyvinyl acetal) resin mentioned above can be produced by per se known methods. Thus, for example, 
polyvinyl alcohol) is dissolved in warm water and, while maintaining the resulting aqueous solution at a specific tem- 
perature, for example 0 to 95°C, preferably 1 0 to 20°C, a necessary acid catalyst and a necessary aldehyde are added, 
15 and the acetalization reaction is allowed to proceed with stirring. The reaction temperature is then raised to 70°C for 
carrying the reaction to completion, followed by neutralization, washing with water and drying, to give a polyvinyl 
acetal) resin powder. 

[0040] The above polyvinyl alcohol) to serve as the starting material preferably has an average degree of polymer- 
ization of 500 to 5,000, more preferably 1,000 to 2,500. When it is less than 500, the product laminated glass may 
20 have only a low penetration resistance. When it exceeds 5,000, resin film forming may become difficult and, in addition, 
the strength of the resin film may become excessively high. 

[0041] It is preferred that the vinyl acetate component in the polyvinyl acetal) resin obtained account for not more 
than 30 mole percent. Therefore, it is preferred that the degree of saponification of the above polyvinyl alcohol) be 
not less than 70 mole percent. When said degree is less than 70 mole percent, the transparency and/or heat resistance 
25 of the resin may be low and the reactivity may also be low. More preferably, said degree is not less than 95 mole percent. 
[0042] The average polymerization degree and saponification degree of the polyvinyl alcohol) can be determined 
according to JIS K 6726 "Methods of testing polyvinyl alcohol)", for instance. 

[0043] The aldehyde mentioned above is preferably an aldehyde containing 3 to 1 0 carbon atoms. When the number 
of carbon atoms is less than 3, sufficient resin film moldability may not be obtained in some instances. When it exceeds 
30 10, the reactivity for acetalization will be low and, in addition, resin blocking may readily occur and cause difficulties in 
resin synthesis. 

[0044] The aldehyde mentioned above is not limited to any particular species but includes aliphatic, aromatic, alicyclic 
and other aldehydes, such as propionaldehyde, n-butyraldehyde, isobutyraldehyde, valeraldehyde, n-hexylaldehyde, 
2-ethylbutyraldehyde, n-heptylaidehyde, n-octylaldehyde, n-nonylaldehyde, n-decylaldehyde, benzaldehyde and cin- 

35 namaldehyde. Preferred are aldehydes containing 4 to 8 carbon atoms, such as n-butyraldehyde, n-hexylaldehyde, 
2-ethylbutyraldehyde and n-octylaldehyde. Among them, n-butyraldehyde, which contains 4 carbon atoms, is more 
preferred, since the use of the resulting polyvinyl acetal) resin contributes to an increased bond strength of the resin 
film as well as excellent weather resistance and to: easy production of the resin. The aldehydes may be used either 
singly or in a combination of two or more species. 

40 [0045] In the interlayer film of the present invention, the particle diameter of a sodium salt therein is preferably not 
more than 5 u.m. The particle diameter of potassium salt in the interlayer film is preferably not more than 5 urn. 
[0046] When the sodium salt has a particle diameter greater than 5 \irr\ or the potassium salt has a particle diameter 
greater than 5um, the salt particles may promote water aggregation and become a primary cause of blushing of the 
obtained interlayer film due to moisture absorption. 

45 [0047] The sodium salt or potassium salt particle diameter referred to above is the particle diameter in the interlayer 
film. While the particle diameters of the sodium salt and potassium salt in the polyvinyl acetal) resin, which are the 
primary raw material, are decreased in the process of sheet forming in some instances, said particle diameters are 
retained in other instances. Therefore, it is preferred that the particle diameters of sodium salt and potassium salt in 
the polyvinyl acetal) resin be also within the above-specified range. 

50 [0048] The particle diameters of sodium salt and potassium salt in the interlayer film can be determined by secondary 
ion imaging using a time-of-flight secondary ion mass spectrometer (TOF-SIMS). 

[0049] In the interlayer film of the present invention, the sodium concentration is preferably not more than 50 ppm, 
and the potassium concentration in the interlayer film is preferably not more than 100 ppm. More preferably, the sodium 
concentration should be not less than 0.5 ppm and not more than 15 ppm, and the potassium concentration should be 
55 not less than 0.5 ppm and not more than 100 ppm. 

[0050] When the sodium content of the interlayer film is over 50 ppm and/or the potassium content is over 1 00 ppm, 
water molecules gather around the sodium element and potassium element and grow to macroscopic sizes, whereupon 
blushing may become prominent. To prepare an interlayer film having a sodium content of less than 0.5 ppm and a 
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potassium content of less than 0.5 ppm is not preferred from practical points of view in some instances, since the step 
of washing for eliminating the remaining sodium element or potassium element coming from the resin preparation step 
must be excessively prolonged and/or the degree of purification of water and other raw materials must be raised, 
among other measures, hence much time and expenses are required. 
5 [0051] The concentration of sodium and that of potassium in the interlayer film can be determined by elemental 
analysis using an ICP emission spectrometer. The elemental analysis by ICP emission spectrometry is a technique 
comprising heating and decomposing the sample with sulfuric acid and nitric acid, making the decomposition product 
to volume with ultrapure water and then performing assaying by the ICP-AES method. 

[0052] The inclusion of said sodium and/or potassium results from the use, for example in the preparation of poly 
10 (vinyl acetal) resin, of a sodium or potassium element-containing neutralizing agent, such as sodium carbonate, sodium 
hydrogen carbonate, sodium acetate, sodium hydroxide, potassium carbonate, potassium hydrogen carbonate, potas- 
sium acetate or potassium hydroxide, for neutralization of the acid catalyst used for the reaction, such as sulfuric acid 
or hydrochloric acid. 

[0053] The neutralization procedure in the above polyvinyl acetal) resin production process is effective in preventing 
15 the acid catalyst such as hydrochloric acid (HCI), which is essential for the polyvinyl acetal) resin formation reaction 
in the preceding step, from remaining in the resin and deteriorate the very resin. 

[0054] Usable as said neutralizing agent are alkali metal salts and alkaline earth metal salts. Unlike alkali metals, 
alkaline earth metals, when remaining in the interlayer film in fairly large amounts, can prevent blushing under high- 
humidity conditions, hence are preferred. 
20 [0055] As said alkaline earth metal salts, there may be mentioned, among others, magnesium salts such as mag- 
nesium hydrogencarbonate, magnesium hydroxide, basic magnesium carbonate, barium salts such as barium hydrox- 
ide, and calcium salts such as calcium hydroxide. 

[0056] The inclusion of said sodium and/or potassium also results from the sodium or potassium salt of a carboxylic 
acid and octylic acid, etc., added as a bond strength control agent, which is remaining in the interlayer film, or from the 
25 sodium element or potassium element contained in water and other raw materials used, in particular in polyvinyl 
alcohol), and remaining in the interlayer film. 

[0057] The amount of such alkali metals contained in pure water can be reduced to 1 ppm or less through the use 
of deionized water, for instance. On the other hand, the alkali metal content of the polyvinyl alcohol) comes from the 
sodium acetate formed in the course of saponification of polyvinyl acetate) in the process for producing the raw material 

30 polyvinyl alcohol), and it is generally 0.4 to 1 .5% by weight. 

[0058] Therefore, by using a polyvinyl alcohol) material having a sodium acetate content of not more than 0.4% by 
weight, the sodium element in the resin, which is hardly removable by washing, can be reduced and, by intensified 
washing or like measures, the sodium element can be consistently reduced to 50 ppm or below. 
[0059] In the above process for polyvinyl acetal) resin production, it is also possible to reduce the alkali metal content 

35 by washing the polyvinyl acetal) resin with water until a pH of 5 or above is attained, followed by drying at a temperature 
not higher than 60°C, without resort to the neutralization procedure mentioned above. By sufficient washing with water 
until a pH of 5 or above is attained, the content of the alkali metal, which is causative of blushing of the resulting resin 
film, can be reduced to a amount not over a required amount. Further, by drying at a relatively low temperature not 
higher than 60°C, the resin can be protected against deterioration due to the inclusion of alkali metal and the remaining 

40 acid catalyst and, at the same time, the drying equipment can be protected from being corroded by the acid. Although 
the drying procedure may be carried out by any ordinary method, the vacuum drying method, in particular, is efficient 
and superior. 

[0060] In the above step of washing with water, washing is preferably carried out with water at a temperature of not 
lower than 40°C. Taking into consideration the fact that the resin in the slurry swells at 40°C or above, the temperature 

45 of water to be used for washing is raised to 40°C or above so that the efficiency of washing can be improved and resin 
deterioration due to the inclusion of alkali metal and/or acid catalyst residues can be prevented. By using washing 
water at 40°C or above, preferably 40 to 60°C, in the step of washing, the resin in the slurry swells and the acid (HCI) 
and the neutralization product (alkali metal-containing product) contained in the resin can be readily washed away, 
whereby the washing efficiency can be improved. If the washing water temperature is below 40°C, the resin cannot 

50 swell to a satisfactory extent, hence the efficiency can hardly be improved. If the washing water temperature is higher 
than 60°C, the resin softens and resin particles stick together, forming blocks, hence the resin cannot have a stable 
particle size; in addition, any marked improvement in efficiency cannot be expected as compared with water at 60°C 
and, thus, a waste of energy results. 

[0061] An alternative method may also be mentioned for preventing the above-mentioned inclusion of sodium and 
55 potassium. This method comprises using, in synthesizing a polyvinyl acetal) resin by reacting polyvinyl alcohol) with 
an aldehyde in the presence of hydrochloric acid catalyst, an epoxide as both a reaction terminator and a hydrochloric 
acid eliminator and subjecting the resulting polyvinyl acetal) resin to sheet formation. 
[0062] Said epoxide includes, among others, 1 ,2-epoxides of the general formula (I): 
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10 (wherein R 1 and R 2 each represents a hydrogen atom or an alkyl group and n represents an integer of 0 to 3), as well 
as 1,3-epoxides such as trimethylene oxide, tetrahydrofuran and tetrahydropyran, 1 ,4-epoxides, 1 ,5-epoxides. These 
may be used singly or two or more of them may be used combinedly. Particularly preferred as the epoxide are ethylene 
oxide, propylene oxide. 

[0063] The above epoxide can be used in an effective amount sufficient to terminate the reaction and eliminate the 
15 hydrochloric acid. 

[0064] As regards the mode of use of the above epoxide, the epoxide is used in lieu of the hydrochloric acid catalyst 
neutralizing agent to terminate the acetalization reaction and further to eliminate the hydrochloric acid, whereby the 
resin can be prevented from deterioration due to the inclusion of alkali metal and/or retention of acid catalyst. 
[0065] In the present invention, it is preferred that a dispersant be incorporated in the interiayer film for laminated 
20 glass so that blushing under high-humidity conditions can be prevented more effectively. 

[0066] As said dispersant, there may be mentioned compounds capable of forming complexes with sodium salts and 
potassium salts, organic acids compatible with the resin and plasticizer, and amines compatible with the resin and 
plasticizer. 

[0067] Said compounds capable of forming complexes with sodium salts and potassium salts render the surroundings 
25 of metal salts such as sodium salts and potassium salts hydrophobic and thereby render it difficult for water to approach 
said surroundings, with the result that even upon moisture absorption by the polyvinyl acetal) resin, the interiayer film 
for laminated glass as obtained can be prevented from undergoing blushing. 

[0068] The above-mentioned compound capable of forming complexes with sodium salts and potassium salts in- 
cludes but is not limited to ethylenediaminetetraacetic acid, salicylaldehyde, salicylic acid, saiicylaniiide, oxalic acid, 

30 1,10-phenanthroline, acetylacetone, 8-hydroxyquinoline, dimethylglyoxime, 1,1-cyclohexanediacetic acid, salicylal- 
doxime and glycine. These may be used either singly or two or more of them may be used in combination. 
[0069] The addition amount of the compound capable of forming complexes with sodium salts and potassium salts 
depends on the amount of the metal salt remaining in the polyvinyl acetal) resin but is preferably within the range of 
0.02 to 2 parts by weight per 1 00 parts by weight of the polyvinyl acetal) resin. At an addition amount below 0.02 part 

35 by weight, the preventive effect on the blushing due to moisture absorption may be insufficient. At an addition amount 
exceeding 2 parts by weight, the compatibility with the polyvinyl acetal) resin will be poor and a transparency problem 
may arise in some instances. A more preferred range is 0.05 to 1 part by weight. 

[0070] Organic acids compatible with the resin and plasticizer and amines compatible with the resin and plasticizer 
can also be used as the dispersant mentioned above. 
40 [0071] Among said organic acids compatible with the resin and plasticizer, at least one member selected from the 
group consisting of sulfonic acids containing 2 to 21 carbon atoms, carboxylic acids containing 2 to 20 carbon atoms, 
and phosphoric acids of the general formula (II) given below is used. 



45 



O-R 3 

R'-O P=0 ( 1 1 > 



so OH 



(In the above formula, R 3 represents an aliphatic hydrocarbon group containing 1 to 18 carbon atoms or an aromatic 
hydrocarbon group containing 1 to 18 carbon atoms, and R 4 represents a hydrogen atom, an aliphatic hydrocarbon 
55 group containing 1 to 18 carbon atoms, or an aromatic hydrocarbon group containing 1 to 18 carbon atoms.) 

[0072] Referring to the sulfonic acids containing 2 to 21 carbon atoms, if the number of carbon atoms is less than 2, 
the hydrophilicity will be high, hence the compatibility with the polyvinyl acetal) resin will be poor and insufficient 
dispersion will result. If the number of carbon atoms is over 21 , the sulfonic acid will be hydrophobic, hence the com- 



7 



EP 1 022 261 B1 



patibility with the polyvinyl acetal) resin will be poor and phase separation may possibly occur. More preferred are 
those containing 7 to 18 carbon atoms. 

[0073] The sulfonic acids containing 2 to 21 carbon atoms may be aliphatic or aromatic, for instance. The sulfonic 
acids containing 2 to 21 carbon atoms thus include, but are not limited to, benzenesulfonic acid, naphthaienesulfonic 

5 acid, alkylsulfonic acids with the alkyl moiety thereof containing 2 to 21 carbon atoms, alkylbenzenesulfonic acids with 
the alkyl moiety thereof containing 2 to 15 carbon atoms, and alkylnaphthalenesulfonic acids with the alkyl moiety 
thereof containing 2 to 11 carbon atoms, among others. More specifically, there may be mentioned p-toluenesulfonic 
acid, dodecylbenzenesulfonic acid, camphorsulfonic acid, hydroxypropanesulfonic acid, mesitylenesulfonic acid, and 
the like. These may be used singly or two or more of them may be used in combination. 

10 [0074] The addition amount of the sulfonic acids containing 2 to 21 carbon atoms is preferably 0.01 to 2 parts by 
weight per 100 parts by weight of the polyvinyl acetal) resin. At an addition amount less than 0.01 part by weight, the 
preventive effect on the blushing due to moisture absorption will be insufficient in some instances. At an addition amount 
exceeding 2 parts by weight, the resin deterioration may be promoted or the sulfonic acids themselves may cause the 
blushing. A more preferred addition amount is within the range of 0.03 to 1 part by weight. 

15 [0075] Referring to the carboxylic acids containing 2 to 20 carbon atoms, if the number of carbon atoms is less than 
2, the hydrophilicity will be high, hence the compatibility with the polyvinyl acetal) resin will be poor and insufficient 
dispersion will result. If the number of carbon atoms is over 20, the carboxylic acid will be hydrophobic, hence the 
compatibility with the polyvinyl acetal) resin will be poor and phase separation may possibly occur. More preferred 
are those containing 6 to 14 carbon atoms. 

20 [0076] The carboxylic acids containing 2 to 20 carbon atoms may be aliphatic or aromatic, for instance. They may 
be dicarboxylic acids. Said carboxylic acids containing 2 to 20 carbons atoms thus include, but are not limited to, acetic 
acid, propionic acid, butyric acid, isobutyric acid, 2-ethylbutyric acid, octanoic acid, 2-ethylhexylic acid, lauric acid, 
myristic acid, stearic acid, oxalic acid, malonic acid, succinic acid, adipic acid, pirnelic acid, sebacic acid, oleic acid, 
benzoic acid, toluic acid, naphthoic acid, 1 ,1-cyclohexanediacetic acid, salicylic acid. These may be used singly or two 

25 or more of them may be used in combination. 

[0077] The addition amount of the carboxylic acids containing 2 to 20 carbon atoms is preferably 0.01 to 3 parts by 
weight per 100 parts by weight of the polyvinyl acetal) resin. At an addition amount less than 0.01 part by weight, the 
preventive effect on the blushing due to moisture absorption will be insufficient in some instances. At an amount ex- 
ceeding 3 parts by weight, the compatibility with the resin will be poor and a transparency problem may arise or resin 

30 deterioration may be promoted. A more preferred range is 0.05 to 1 part by weight. 

[0078] Referring to R 3 and R 4 in the phosphoric acids represented by the above general formula (II), if the number 
of carbon atoms in the aliphatic hydrocarbon group or aromatic hydrocarbon group exceeds 18, the phosphoric acid 
will be hydropholic, hence the compatibility with the polyvinyl acetal) resin will be poor. A more preferred range of the 
number of carbon atoms is 6 to 12. 

35 [0079] The phosphoric acids of general formula (II) include but are not limited to methylphosphoric acid, ethylphos- 
phoricacid, propylphosphoricacid, isopropylphosphoric acid, butylphosphoricacid, laurylphosphoricacid, stearylphos- 
phoric acid, 2-ethylhexylphosphoric acid, di(2-ethylhexyl)phosphoric acid, isodecyiphosphoric acid, phenylphosphoric 
acid, dimethyiphosphoric acid, diethylphosphoric acid, diisopropylphosphoric acid, dioctyl phosphoric acid, diphenyl- 
phosphoric acid and dibenzylphosphoric acid. These may be used singly or two or more of them may be used in 

40 combination. 

[0080] The addition amount of the phosphoric acid of general formula (II) is preferably 0.01 to 2 parts by weight per 
100 parts by weight of the polyvinyl acetal) resin. At an addition amount below 0.01 part by weight, the preventive 
effect on the blushing due to moisture absorption will be insufficient in some instances. At an amount exceeding 2 parts 
by weight, resin deterioration may be rather promoted or the phosphoric acid itself may cause the blushing. A more 
45 preferred range is 0.03 to 1 part by weight. 

[0081] The organic acid compatible with the resin and plasticizer is used in combination with the amine compatible 
with the resin and plasticizer. Suited for use as the amine compatible with the resin and plasticizer are amines of the 
general formula (III): 

50 



55 




(III) 



8 



EP 1 022 261 B1 



(wherein R 5 , R 6 and R 7 may be the same or different and each represents a hydrogen atom, an aliphatic hydrocarbon 
group containing 1 to 20 carbon atoms or an aromatic hydrocarbon group containing 1 to 20 carbon atoms). 
[0082] When the number of carbon atoms in the aliphatic hydrocarbon group or aromatic hydrocarbon group men- 
tioned above exceeds 20, the amine becomes hydrophobic, hence the compatibility with the polyvinyl acetal) resin 
5 may be poor in some instances. It is preferred that one of R 5 , R 6 and R 7 be a long-chain one. More preferably, R 5 and 
R 6 each independently is a hydrogen atom or a hydrocarbon group containing 1 or 2 carbon atoms, and R 7 is a hy- 
drocarbon group containing 6 to 16 carbon atoms. 

[0083] The amine of general formula (ill) includes but is not limited to primary amines such as methylamine, ethyl- 
amine, propylamine, hexylamine, octylamine, decylamine, dodecylamine, tetradecylamine, aniline, toluidine, naphthyl- 
10 amine; secondary amines such as dimethylamine, diethylamine, dipropylamine, dihexylamine, dioctylamine, N-meth- 
ylaniline; tertiary amines such as trimethylamine, triethylamine, N,N-dimethylhexylamine, N,N-dimethyloctylamine, N, 
N-dimethyldecylamine, N,N-dimethyldodecylamine, N.N-dimethylaniline, pyridine. These may be used singly or two or 
more of them may be used in combination. 

[0084] When a sulfonic acid containing 2 to 21 carbon atoms is used as the organic acid compatible with the resin 

15 and plasticizer, the addition amount of the amine of general formula (III) is preferably 0.01 to 2 parts by weight per 1 00 
parts by weight of the polyvinyl acetal) resin. At an addition amount less than 0.01 part by weight, the preventive effect 
on the blushing due to moisture absorption may be insufficient. At an addition amount exceeding 2 parts by weight, 
the compatibility with the resin will be poor, and a transparency problem may arise or the interlayer film may be dis- 
colored. A more preferred range is 0.02 to 1 part by weight. 

20 [0085] When a carboxylic acid containing 2 to 20 carbon atoms is used as the organic acid compatible with the resin 
and plasticizer, the addition amount of the amine of general formula (III) is preferably 0.01 to 3 parts by weight per 100 
parts by weight of the polyvinyl acetal) resin. At an addition amount below 0.01 part by weight, the preventive effect 
on the blushing due to moisture absorption may be insufficient. At an addition amount exceeding 3 parts by weight, 
the compatibility with the resin will be poor, and a transparency problem may arise or the interlayer film may be dis- 

25 colored. A more preferred range is 0.05 to 1 part by weight. 

[0086] When a phosphoric acid of the above general formula (II) is used as the organic acid compatible with the 
resin and plasticizer, the addition amount of the amine of general formula (III) is preferably 0.01 to 2 parts by weight 
per 100 parts by weight of the polyvinyl acetal) resin. At an addition amount below 0.01 part by weight, the preventive 
effect on the blushing due to moisture absorption may be insufficient. At an addition amount exceeding 2 parts by 

30 weight, the compatibility with the resin will be poor, and a transparency problem may arise or the interlayer film may 
be discolored. A more preferred range is 0.05 to 1 part by weight. 

[0087] The organic acid compatible with the resin and plasticizer and the amine compatible with the resin and plas- 
ticizer used as a dispersant as mentioned above respectively take the form of ions, for example sulfonyl ion, carboxyl 
ion, phosphoryl ion, and ammonium ion. These ions act on the surface of the particulate metal salt in the polyvinyl 

35 acetal) resin and bind the metal ion and counter ion constituting said metal salt. When the resin is kneaded prior to 
sheet formation, the metal salt carrying these ions are dispersed in the resin and, as a result, the metal salt in particulate 
form becomes smaller or disappear. Therefore, local aggregation of water molecules is prevented and, even when the 
polyvinyl acetal) resin absorbs moisture, the interlayer film of the laminated glass can be prevented from blushing. 
[0088] In the present invention, it is preferred that the interlayer film for laminated glass contain at least one salt 

40 selected from the group consisting of alkali metal salts and alkaline earth metal salts as a bond strength control agent. 
[0089] Said alkali metal salts and alkaline earth metal salts include but are not limited to potassium salts, sodium 
salts, magnesium salts and so forth. As the salt-forming acid, there may be mentioned organic acids, for example 
carboxylic acids such as octylic acid, hexylic acid, butyric acid, acetic acid and formic acid; and inorganic acids such 
as hydrochloric acid and nitric acid. 

45 [0090] Among the alkali metal salts and alkaline earth metal salts mentioned above, alkali metal salts of organic 
acids containing 5 to 16 carbon atoms and alkaline earth metal salts of organic acids containing 5 to 16 carbon atoms 
are preferred. More preferred are the magnesium salts of carboxylic acids or dicarboxylic acids containing 6 to 10 
carbon atoms. 

[0091] Said magnesium salts of carboxylic acids or dicarboxylic acids include but are not limited to magnesium 
50 2-ethylbutyrate, magnesium valerate, magnesium hexanoate, magnesium heptanoate, magnesium octanoate, mag- 
nesium nonanoate, magnesium decanoate, magnesium glutarate and magnesium adipate. 

[0092] It is supposed that the magnesium salts of carboxylic acids or dicarboxylic acids containing 6 to 10 carbon 
atoms occur in the form of salts in the sheet without electrolytic dissociation, and attract water molecules, making it 
possible to suppress the bond strength between the interlayer film and glass, with the result that the penetration re- 
55 sistance of the product laminated glass can be improved. Furthermore, since they are distributed in high concentrations 
on the sheet surface without aggregation in the sheet, they show a bond strength modifying effect even in small 
amounts, without causing excessive blushing upon moisture absorption, therefore they are preferable. 
[0093] Said alkali metal salts and alkaline earth metal salts preferably have a particle diameter of not more than 3 
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urn, more preferably not more than 1 fxm. When said diameter exceeds 3 um, water molecules around the alkali metal 
salt and/or alkaline earth metal salt particles grow to a macroscopic size, with the result that the blushing becomes 
unfavorably remarkable in some instances. 

[0094] The means for reducing the particle size of 3 urn or less is not limited to any particular method. Thus, for 
5 example, there may be mentioned the method comprising using a compound readily soluble in the polyvinyl acetal) 

resin and plasticizer as a bond strength control agent, the method comprising using a compound which is hardly soluble 

in the polyvinyl acetal) resin and plasticizer but hardly aggregate in the polyvinyl acetal) resin and plasticizer, and the 

method comprising combinedly using a dispersant or compatibilizing agent capable of dispersing said compounds. 

[0095] When a polyvinyl butyral) resin is used as the polyvinyl acetal) resin and triethylene glycol 2-ethylbutyrate 
10 is used as the plasticizer, the compound readily soluble in the above formulation is, for example, an organic acid salt, 

such as magnesium octanoate, magnesium neodecanoate and magnesium adipate. These are suitably used either 

singly or in a combination of two or more species. 

[0096] As the compound hardly soluble in the above formulation but hardly aggregating in the formulation, there may 
be mentioned inorganic acid magnesium salts such as magnesium chloride and magnesium nitrate. These are suitably 
15 used either singly or in a combination of two or more species. The dispersant or compatibilizing agent capable of 
dispersing the compound hardly soluble in the formulation is not limited to any particular species but includes alcohols 
such as ethanol and octyl alcohol, and long-chain organic acids such as octanoic acid and nonanoic acid, among 
others. These are suitably used either singly or in a combination of two or more species. 

[0097] Among the various methods mentioned above, the method comprising using a compound which is by itself 
20 readily soluble in the polyvinyl acetal) resin and plasticizer is most preferred. The method comprising using a compound 
hardly aggregating in the polyvinyl acetal) resin and plasticizer is next preferred. 

[0098] When a diester compound is used as the plasticizer, it is preferred that the alkali metal salt and alkaline earth 
metal salt mentioned above have the same acid component structure as that of the diester compound. Owing to their 
having an acid component structure identical or similar to that of the diester compound used as the plasticizer, they 

25 can be present stably and uniformly dispersed in the sheet, hence will not undergo changes with the lapse of time. 
[0099] When triethylene glycol di-2-ethylbutyrate (hereinafter referred to sometimes as "3GH") or dihexyl adipate 
(hereinafter referred to sometimes as "DHA") is used as the plasticizer, a metal salt of a carboxylic acid containing 5 
or 6 carbon atoms is preferably used as a bond strength control agent, since, in that case, the decrease in the bond 
strength with the lapse of time between the interiayer film and glass can be prevented and the prevention of blushing 

30 and prevention of the decrease in the bond strength with the lapse of time can be simultaneously accomplished. When 
triethylene glycol di-2-ethylhexanoate (hereinafter referred to sometimes as "3GO") is used as the plasticizer, it is 
preferred, for the same reasons, that a metal salt of a carboxylic acid containing 6 to 8 carbon atoms be contained in 
the formulation. When tetraethylene glycol di-2-ethylhexanoate (hereinafter referred to sometimes as M 4GO") is used 
as the plasticizer, it is preferred that a metal salt of a carboxylic acid containing 6 or 7 carbon atoms be contained in 

35 the formulation. 

[0100] For preventing the above plasticized polyvinyl acetal) resin as far as possible from undergoing heat-induced 
hydrolysis in the sheet forming step, the use of plasticizers less susceptible to hydrolysis such as plasticizers of the 
side chain type, such as 3GH, 3GO and 4GO, or of the adipate type, such as DHA, is preferred to the use of such 
plasticizers as triethylene glycol diheptanoate (3G7) and tetraethylene glycol diheptanoate (4G7). 

40 [0101] Said 3GH has long been in use as a plasticizer in interiayer films with practically acceptable results and the 
organic acid constituent thereof is of the side chain type. Therefore, 3GH is more advantageous than 3G7, 4G7 and 
the like, which are of the straight chain type, in that it is less hydrolyzable. The above-mentioned 3GO and 4GO are 
advantageous in that they are higher in boiling point than 3GH, for instance, and therefore are less volatile in the sheet 
forming step or in the lamination step. 

45 [0102] Said 3GH, 3GO, 4GO and DHA may be used singly or in combination with another plasticizer such as men- 
tioned hereinafter. The mixing ratio of said 3GH, 3GO, 4GO and/or DHA to said other plasticizer is preferred that the 
amount of said other plasticizer be less than 50% by weight of the amount of said plasticizer(s) 3GH, 3GO, 4GO and 
DHA. When this ratio is over 50% by weight, the characteristic features of 3GH, 3GO, 4GO and DHA are sacrificed by 
said other plasticizer and, therefore, the effect of the bond strength control agent used in combination with them may 

50 not be expressed to a satisfactory extent. 

[0103] The carboxylic acid metal salt to be used as the bond strength control agent, when the plasticizer in the 
interiayer film is specified as mentioned above, includes but is not limited to pentanoic acid (of 5 carbon atoms) metal 
salts, hexanoic acid (2-ethylbutanoic acid) (of 6 carbon atoms) metal salts, heptanoic acid (of 7 carbon atoms) metal 
salts, octanoic acid (of 8 carbon atoms) metal salts, and so forth. According to the plasticizer mentioned above, one, 

55 two or more of these are suitably used. The carboxylic acid may be of the straight chain type or of the side chain type. 
[0104] When a metal salt of a carboxylic acid containing too small a number of carbon atoms is used, the interiayer 
film obtained will have an insufficient moisture resistance, which may allow the blushing phenomenon to occur widely. 
Conversely, if a metal salt of a carboxylic acid containing an excessively large number of carbon atoms is used, the 
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decrease in the bond strength with the lapse of time between the interlayer film and glass may be insufficient. 
[0105] The above-mentioned carboxylic acid metal salt as the bond strength control agent may be used independ- 
ently or in combination with another bond strength control agent, for example a bond strength control agent of metal 
salt of carboxylic acid containing 1 to 4 carbon atoms type such as magnesium formate, magnesium acetate, magne- 
5 sium propanoate or magnesium butanoate, or a modified silicone oil bond strength control agent such as mentioned 
later herein. 

[0106] When said alkali metal salt and/or alkaline earth metal salt is added as a bond strength control agent, the 
addition amount thereof is preferably 0.01 to 0.2 part by weight per 100 parts by weight of the polyvinyl acetal) resin. 
At an addition amount lower than 0.01 part by weight, the bond strength modifying effect will be nil, hence the penetration 

10 resistance of the product laminated glass may be low. At an amount exceeding 0.2 part by weight, the control agent 
may bleed out, impairing the transparency of the product laminated glass and at the same time leading to an excessively 
decreased bond strength between interlayer film and glass. A more preferred range is 0.03 to 0.08 part by weight. 
[0107] When the alkali metal salt is a sodium salt, blushing tends to occur very readily, so that the sodium concen- 
tration should preferably be not more than 50 ppm. When the alkali metal salt is a potassium salt, too, blushing may 

15 occur readily, hence the potassium concentration should preferably be not more than 100 ppm. 

[0108] In addition to the cases where said alkali metal salt and/or alkaline earth metal salt is added as the bond 
strength control agent, as mentioned above, there are cases where said salts come from the alkali metal salt or alkaline 
earth metal salt used as a neutralizing agent for the acid catalyst such as sulfuric acid or hydrochloric acid, used in the 
reaction for producing polyvinyl acetal) resin, or cases in which said salt comes from one or more of various raw 

20 materials and water used in the reaction for producing polyvinyl acetal) resin which contains said salt. The alkali metal 
salt and alkaline earth metal salt as said neutralizing agent may be used also as the bond strength control agent. 
[01 09] The interlayer film for laminated glass of the present invention comprises a plastic resin film composed of the 
above-mentioned polyvinyl acetal) resin, a plasticizer and, where necessary, an additive such as the above-mentioned 
dispersant and/or bond strength control agent. 

25 [011 0] The plasticizer to be used in the present invention includes those known plasticizers for use in interlayer films 
of this kind, for example organic ester type plasticizers such as monobasic acid esters and polybasic acid esters, and 
phosphorus type plasticizers such as organic phosphate and organic phosphite plasticizers. 
[0111] Preferred among said monobasic acid esters are those glycol esters which can be obtained by the reaction 
of triethylene glycol with an organic acid such as butyric acid, isobutyric acid, caproic acid, 2-ethylbutyric acid, heptanoic 

30 acid, n-octylic acid, 2-ethylhexylic acid, pelargonic acid (n-nonylic acid) or decylic acid. In addition, esters of tetraeth- 
ylene glycol or tripropylene glycol with the organic acids mentioned above may also be used. 
[01 1 2] Preferred as said polybasic acid esters are, for example, esters of an organic acid such as adipic acid, sebacic 
acid or azelaic acid with a straight-chain or branched alcohol containing 4 to 8 carbon atoms. 
[0113] As typical examples of said organic ester plasticizers which can be suitably used, there may be mentioned 

35 triethylene glycol di-2-ethylbutyrate, triethylene glycol di-2-ethyIhexoate, triethylene glycol dicaprylate, triethylene gly- 
col di-n-octoate, triethylene glycol di-n-heptoate, tetraethylene glycol di-n-heptoate and, further, dibutyl sebacate, di- 
octyl azelate and dibutylcarbitol adipate. 

[0114] In addition, ethylene glycol di-2-ethylbutyrate, 1 ,3-propylene glycol di-2-ethylbutyrate, 1 ,4-propylene glycol 
di-2-ethylbutyrate, 1,4-butylene glycol di-2-ethylbutyrate, 1,2-butylene glycol di-2-ethylenebutyrate, diethylene glycol 
40 di-2-ethylbutyrate, diethylene glycol di-2-ethylhexoate, dipropylene glycol di-2-ethylbutyrate, triethylene glycol di- 
2-ethylpentoate, tetraethylene glycol di-2-ethylbutyrate, diethylene glycol dicaprylate may also be used as the plasti- 
cizer. 

[0115] Among the phosphate plasticizers, tributoxyethyl phosphate, isodecylphenyl phosphate, triisopropyl phos- 
phite are preferred. 

45 [0116] Among the plasticizers mentioned above, diester compounds derived from a dicarboxylic acid and a mono- 
hydric alcohol or from a monocarboxylic acid and a dihydric alcohol are preferably incorporated in the resin composition. 
[0117] The addition amount of said plasticizer is preferably 20 to 70 parts by weight, more preferably 40 to 60 parts 
by weight, per 100 parts by weight of the polyvinyl acetal) resin. At an addition amount below 20 parts by weight, the 
penetration resistance of the product laminated glass may be low. At an addition amount exceeding 70 parts by weight, 

50 the plasticizer may bleed out, increasing the optical strain or decreasing the transparency and/or tackiness of the resin 
film. 

[0118] In the present invention, known additives for use in interlayer films for laminated glass, for example modified 
silicone oils for controlling penetration resistance, ultraviolet absorbers, light stabilizers, antioxidants, surfactants and 
coloring agent, may also be incorporated as additives in addition to said dispersant and bond strength control agent. 
55 [0119] The modified silicone oils mentioned above include but are not limited to epoxy-modified silicone oils, ether- 
modified silicone oils, ester-modified silicone oils, amine-modified silicone oils and carboxyl-modified silicone oils, such 
as disclosed in Japanese Kokoku Publication Sho-55-29950. Generally, these modified silicone oils are liquids obtained 
by reacting a compound to be modified to polysiloxane. 
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In the present invention, epoxy-modified silicone oils of the general formula (IV) 
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(wherein I and m each independently represents a positive integer not more than 30), ether-modified silicone oils of 
the general formula (V) 
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(wherein I and m each independently represents a positive integer not more than 30 and x and y each independently 
represents a positive integer not more than 20), and ester-modified silicone oils of the general formula (VI) 
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(wherein I and m each independently represents a positive integer not more than 30) are particularly preferred. While 
the respective modified silicone oils are represented by the general formulas (IV), (V) and (VI) in terms of structural 
so formulas for block copolymers, those represented by the structural formulas of random copolymers may also be used 
in the present invention. 

[0121] The above modified silicone oils may be used singly or two or more of them may be used combinedly. 
[0122] Said modified silicone oils preferably have a molecular weight of 800 to 5,000. When the molecular weight is 
less than 800, the extent of localization on the surface will be low. When it exceeds 5,000, the compatibility with the 
55 resin will become poor, so that the bleeding out will occur onto the film surface, causing the bond strength between 
sheet and glass to decrease. A more preferred range is 1 ,500 to 4,000. 

[0123] The addition amount of said modified silicone oils is preferably 0.01 to 0.2 part by weight per 100 parts by 
weight of the polyvinyl acetal) resin. At an addition amount below 0.01 part by weight, the preventive effect on the 
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blushing due to moisture absorption will be insufficient. At an addition amount exceeding 0.2 part by weight, the com- 
patibility with the resin will be poor, hence bleeding will occur onto the film surface, with the result that the bond strength 
to glass will decrease. A more preferred amount is 0.03 to 0.1 part by weight. 

[0124] The above-mentioned antioxidant includes but is not limited to such phenolic compounds as t-butylhydroxy- 
5 toluene (BHT) (Sumilizer BHT (trademark), product of Sumitomo Chemical), and tetrakisImethylene-S^'.S'-di-t-butyl- 
4'-hydroxyphenyl)propionato]methane (Irganox 1010, product of Ciba-Geigy). 

[0125] Said ultraviolet absorbers include but are not limited to benzotriazole type such as 2-(2'-hydroxy-5'-methyl- 
phenyl)benzotriazole (Tinuvin P, product of Ciba-Geigy), 2-(2*-hydroxy-3 , -5'-di-t-butylphenyl)benzotriazole (Tinuvin 
320, product of Ciba-Geigy), 2-(2 , -hydroxy-3 , -t-butyl-5'-methyl phenyl )-5-chlorobenzotriazole (Tinuvin 326, product of 
10 Ciba-Geigy) and 2-(2 , -hydroxy-3\5'-di-t-amylphenyl)benzotriazole (Tinuvin 328, product of Ciba-Geigy), hindered 
amines such as LA-57 (product of Adeka-Argus). 

[0126] As said light stabilizers, there may be mentioned hindered amines, for example Asahi Denka Kogyo's Ade- 
kastab LA-57 (trademark). 

[0127] As said surfactants, there may be mentioned, for example, sodium lauryl sulfate, alkylbenzenesulfonates, 
15 and the like. 

[01 28] The method of producing the interlayer film for laminated glass of the present invention is particular restricted, 
but for example, a required amount of the plasticizer, together with other additives as necessary, is incorporated into 
each of the resins mentioned above, the mixture is kneaded uniformly and then formed into sheets by means of the 
extrusion, calendering, pressing, casting, inflation or other methods and the resulting sheets are used as interlayer films. 
20 [0129] In view of the minimum penetration resistance and weather resistance required of laminated glass and from 
the practical viewpoint, it is generally preferred that the total thickness of the interlayer film for laminated glass of the 
present invention be within the range of 0.3 to 1.6 mm, which is the thickness range of ordinary interlayer film for 
laminated glasses. 

[0130] As the glass sheets to be used in the laminated glass, there may be mentioned not only transparent inorganic 
25 glass sheets but also transparent organic glass sheets, such as polycarbonate sheets and poly(methyl methacrylate) 
sheets. 

[0131] The transparent inorganic glass sheets are not limited to any particular species but include various inorganic 
glass species such as float sheet glass, polished sheet glass, embossed sheet glass, net sheet glass, wire sheet glass, 
infrared absorption glass and colored sheet glass. These may be used singly or two or more different species may be 
30 used in combination. Laminates of a transparent inorganic glass sheet and a transparent organic glass sheet may also 
be used. The glass sheet thickness can be suitably selected according to the intended use, hence is not limited to any 
particular value. 

[0132] The laminated glass of the present invention can be produced by employing any ordinary method of producing 
laminated glass. For example, the resin film formed by the above-mentioned method is sandwiched, as the interlayer, 

35 between two transparent glass sheets, the whole is placed in a rubber bag, preliminary bonding is effected at about 
70 to 110°C while suctioning under reduced pressure, then post-bonding is effected at about 120 to 150°C under a 
pressure of about 1 0 to 1 5 kg/cm 2 using an autoclave or a press, whereby the objective laminated glass is obtained. 
[0133] In a process for producing laminated glass, it is also possible to interpose the above-mentioned interlayer 
film prepared by sheet formation from the plasticized polyvinyl butyral) resin between at least one pair of glass sheets, 

40 and hot-press bonding at 60 to 1 00°C while simultaneously deaerating under reduced pressure. More concretely, the 
process is carried out by placing a laminate film consisting of a glass sheet/interlayer film/glass in a rubber bag, and 
effecting hot-press bonding at a temperature of about 60 to 100°C under a pressure of about 1 to 10 kg/cm 2 for about 
10 to 30 minutes in an autoclave, for instance, while deaerating under suction at a reduced pressure of about -500 to 
-700 mmHg, to thereby realize deaeration and bonding simultaneously. 

45 [0134] In such production process, the bond strength between the interlayer film and glass can be adjusted so that 
said strength will fall within a desired adequate range by adjusting the temperature for hot-press bonding to the range 
of 60 to 100°C, as mentioned above, and suitably selecting various conditions, in particular the hot-press bonding 
pressure, hot-press bonding time and extent of pressure reduction for deaeration under suction within the respective 
ranges mentioned above. 

so 

BEST MODES FOR CARRYING OUT THE INVENTION 

[0135] The following examples illustrate the present invention in further detail but are by no means limitative of the 
scope of the invention. In the examples, M part(s) n means "part(s) by weight". 

55 
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Example 1 

(1) Preparation of a resin 

5 [0136] To 2890 g of pure water was added 275 g of a polyvinyl alcohol) with an average polymerization degree of 
1 700 and a saponification degree of 98.9 mole %, and the mixture was warmed for dissolving. After the reaction system 
was adjusted to 12°C, 201 g of 35% hydrochloric acid catalyst and 148 g of n-butyraldehyde were added and the 
mixture was incubated at the same temperature to precipitate the reaction product. 

[0137] The reaction mixture was then held at 45°C for 3 hours to carry the reaction to completion. This reaction 
10 mixture was washed with an excess of water to remove the unreacted n-butyraldehyde and the catalyst hydrochloric 
acid was neutralized with aqueous sodium hydroxide solution, the common neutralizing agent. The product was rinsed 
with an excess of water for 2 hours and dried to provide a polyvinyl butyral) resin as white powder. This resin had a 
vinyl acetal content (degree of acetalization) of 65.0 mole % and a vinyl acetate content of 1 .1 mole %. 

15 (2) Production of an interlayer film 

[0138] The above polyvinyl butyral) resin, 100 weight parts, was blended with 40 weight parts of the plasticizer 
triethylene glycol di-2-ethylbutyrate, and the blend was thoroughly melt-kneaded with a mixing roll and press-molded 
with a pressing machine at 150°C for 30 minutes to provide an interlayer film of 0.76 mm in thickness. The particle 

20 diameters of sodium and potassium salts in the interlayer film were determined by secondary ion imaging with a time- 
of-flight secondary ion mass spectrometer (TOF-SIMS) (PHI EVANS; TFS-2000). As a result, the particle diameter of 
the sodium salt in the interlayer film was 1 urn and that of the potassium salt was less than 0.5 u/n. 
[0139] The elemental sodium content of this interlayer film was 6 ppm as measured by ICP emission spectrometry. 
ICP emission spectrometry is a quantitative method of analysis which comprises decomposing a sample with sulfuric 

25 acid and nitric acid under heating, making the decomposition product up to constant volume with ultrapure water, and 
performing a determination by the ICP-AES method using an ICP-AES (Jarrel-Ash Japan, ICAP-575). 

(3) Production of a laminated glass 

30 [0140] The above interlayer film was sandwiched between transparent float glass sheets (30 cm x 30 cm x 2.5 mm 
thick) and the assembly was placed in a rubber bag and deaerated under a vacuum of 20 Torr for 20 minutes. The 
sample thus deaerated was directly transferred to an oven at 90°C and pressed under vacuum at a constant temper- 
ature of 80°C for 30 minutes. 

[01 41 J The prebonded laminated glass was autoclaved using a pneumatic autoclave at a pressure of 1 2 kg/cm 2 and 
35 a temperature of 135°C for 20 minutes to provide a transparent laminated glass. This laminated glass was subjected 
to an adhesion test (Pummel test) and a moist blushing resistance test. 

Performance evaluation 

40 (1 ) Bonding power (Pummel) test 

[0142] The laminated glass is left standing at -18°C ±0.6°C for conditioning and then stricken with a hammer having 
a head weight of 0.45 kg to crush the glass to fragments with diameters not greater than 6 mm. The extent of exposure 
of the sheet after partial exfoliation of the glass is assessed against the graded limit samples shown in Table 1 . This 
45 test is designed to find whether the bond strength between the glass and the interlayer film lies within a predetermined 
range. 



Table 1 



Extent of exposure (%) 


Pammer value 


100 


0 


90 


1 


85 


2 


60 


3 


40 


4 
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Table 1 (continued) 



Extent of exposure (%) 


Pammer value 


20 


5 


10 


6 


5 


7 


Less than 2 


8 



(2) Moist blushing resistance test 

[0143] The resin film is cut to 4x4 cm and immersed in deionized water at room temperature (23°C) for 24 hours. 
The haze value was then measured with an integrating turbidimeter (Tokyo Denshoku). The results are shown in Table 2. 

Example 2 

[0144] The procedure of Example 1 was repeated except that, in the preparation of the resin, the washing process 
time following addition of the neutralizing agent was altered to 1 .5 hours. In this case, the interlayer film obtained had 
an elemental sodium content of 1 3 ppm, a sodium salt particle diameter of 3 u.m, and a potassium salt particle diameter 
of not greater than 0.5 Jim. 

Example 3 

[0145] The procedure of Example 1 was repeated except that, in the preparation of the resin, the washing process 
time following addition of the neutralizing agent was altered to 2.5 hours. In this case, the interlayer film obtained had 
an elemental sodium content of 3 ppm, a sodium salt particle diameter of 0.5 \im, and a potassium salt particle diameter 
of not greater than 0.5 urn. 

Example 4 

[0146] The procedure of Example 1 was repeated except that, in the preparation of the resin, the washing process 
time following addition of the neutralizing agent was altered to 3.5 hours. In this case, the interlayer film obtained had 
an elemental sodium content of 0.9 ppm, a sodium salt particle diameter of not greater than 0.5 urn, and a potassium 
salt particle diameter of not greater than 0.5 urn. 

Comparative Example 1 

[0147] The procedure of Example 1 was repeated except that, in the preparation of the resin, the washing process 
time following addition of the neutralizing agent was altered to 1 hours. In this case, the interlayer film obtained had 
an elemental sodium content of 17 ppm and a sodium salt particle diameter of 6 u,m. 

Comparative Example 2 

[0148] The procedure of Example 1 was repeated except that, in the preparation of the resin, the washing process 
time following addition of the neutralizing agent was altered to 0.5 hours. In this case, the interlayer film obtained had 
an elemental sodium content of 35 ppm and a sodium salt particle diameter of 1 3 ujti. 

[01 49] The evaluation data generated in Examples 1 to 4 and Comparative Examples 1 and 2 are presented in Table 2. 
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Table 2 







Example 


Comp. Ex. 






1 


2 


3 


4 


1 


2 


Interlayer film 


Number of carbon in acetal 


4 


4 


4 


4 


4 


4 




Degree of acetalization (mol%) 


65.0 


65.0 


65.0 


65.0 


65.0 


65.0 




Average degree of polymerization 


1700 


1700 


1700 


1700 


1700 


1700 




Vinylacetate content (mol %) 


1.1 


1.1 


1.1 


1.1 


1.1 


1.1 




Plasticizer content (weight parts) 


40 


40 


40 


40 


40 


40 




Na content (ppm) 


6 


13 


3 


0.9 


17 


35 




Particle diameter of Na (u,m) 


1 


3 


0.5 


0.5> 


6 


13 




K content (ppm) 


0.5 


0.6 


0.5 


0.5 








Particle diameter of K (jim) 


0.5> 


0.5> 


0.5> 


0.5> 






Bonding strength of a laninated glass (Pammer value) 


8 


8 


8 


8 


8 


8 


Haze after 24 hours immersion (%) 


29 


37 


24 


16 


67 


92 


Total evaluation 


O 


O 


O 


O 


X 


X 



[0150] It is apparent that very satisfactory moisture resistance was obtained in Examples 1 to 4. 

25 

Example 5 

(1 ) Preparation of a resin 

30 [0151] To 2890 g of pure water was added 275 g of a polyvinyl alcohol) with an average polymerization degree of 
1700 and a saponification degree of 98.9 mole %, and the mixture was warmed for dissolving. After the reaction system 
was adjusted to 12°C, 201 g of 35% hydrochloric acid catalyst and 148 g of n-butyraldehyde were added and the 
mixture was incubated at the same temperature to precipitate the reaction product. 

[0152] The reaction mixture was then held at 45°C for 3 hours to carry the reaction to completion. This reaction 
35 mixture was washed with an excess (30 times the resin) of water to remove the unreacted n-butyraldehyde and the 
catalyst hydrochloric acid was neutralized with aqueous potassium hydroxide solution, the common neutralizing agent. 
The product was rinsed with an excess of water for 2 hours and dried to provide a polyvinyl butyral) resin as white 
powder. 

[0153] This resin had a vinylacetal content (degree of acetalization) of 65.0 mole % and a vinyl acetate content of 
40 1.1 mole %. 

(2) Production of an interlayer film 

[0154] The above polyvinyl butyral) resin, 100 weight parts, was blended with 40 weight parts of the plasticizer 
45 Methylene glycol di-2-ethylbutyrate, and the blend was thoroughly melt-kneaded with a mixing roll and press-molded 
with a pressing machine at 1 50°C for 30 minutes to provide an interlayer film of 0.76 mm in thickness. 
[01 55] The elemental potassium content of this interlayer film was 23 ppm as measured by ICP emission spectrom- 
etry. The particle diameter of the sodium salt in the interlayer film was less than 0.5 ujn and that of the potassium salt 
was less than 3 \im. 

50 

(3) Production of a laminated glass 

[0156] The above interlayer film was sandwiched between transparent float glass sheets (30 cm x 30 cm x 2.5 mm 
thick) and the assembly was placed in a rubber bag and deaerated under a vacuum of 20 Torr for 20 minutes. The 
55 sample thus deaerated was directly transferred to an oven at 90° C and pressed at a constant temperature of 80° C for 
30 minutes. 

[01 57] The prebonded laminated glass was autoclaved using a pneumatic autoclave at a pressure of 1 2 kg/cm 2 and 
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a temperature of 135°C for 20 minutes to provide a transparent laminated glass. 
Example 6 

[0158] The procedure of Example 5 was repeated except that, in the preparation of the resin, the washing process 
time following addition of the neutralizing agent was altered to 2.5 hours. In this case, the interlayer film obtained had 
an elemental potassium content of 5 ppm, a potassium salt particle diameter of 1 u.m, and a sodium salt particle diameter 
of not greater than 0.5 \im. 

Example 7 

[0159] The procedure of Example 5 was repeated except that, in the preparation of the resin, the washing process 
time following addition of the neutralizing agent was altered to 3.5 hours. In this case, the interlayer film obtained had 
an elemental potassium content of 0.7 ppm, a potassium salt particle diameter of not greater than 0.5 ujti, and a sodium 
salt particle diameter of not greater than 0.5 ujd. 

Comparative Example 3 

[0160] The procedure of Example 5 was repeated except that, in the preparation of the resin, the washing process 
time following addition of the neutralizing agent was altered to 1 hour. In this case, the interlayer film obtained had an 
elemental potassium content of 104 ppm and a potassium salt particle diameter of 6 urn. 

Comparative Example 4 

[0161] The procedure of Example 5 was repeated except that, in the preparation of the resin, the washing process 
time following addition of the neutralizing agent was altered to 0.5 hour. In this case, the interlayer film obtained had 
an elemental potassium content of 220 ppm and a potassium salt particle diameter of 9 urn. 
[0162] The laminated glasses obtained in Examples 5 to 8 and Comparative Examples 3 and 4 were respectively 
subjected to a bonding power (Pummel) test and a moisture resistance test under the same conditions as described 
above. The results of evaluation are collectively presented in Table 3. 



Table 3 







Example 


Comp.Ex. 






5 


6 


7 


3 


4 


Interlayer film 


Number of carbon in acetal 


4 


4 


4 


4 


4 




Degree of acetalizat ion (mol%) 


65.0 


65.0 


65.0 


65.0 


65.0 




Avarage degree of polymerization 


1700 


1700 


1700 


1700 


1700 




Vinylacetate content (mol%) 


1.1 


1.1 


1.1 


1.1 


1.1 




Plasticizer content (weight parts) 


40 


40 


40 


40 


40 




K content (ppm) 


23 


5 


0.7 


104 


220 




Particle diameter of K (u.m) 


3 


1 


0.5> 


6 


9 




Na content (ppm) 


0.7 


0.6 


0.8 








Particle diameter of Na (u.m) 


0.5> 


0.5> 


0.5> 






Bonding strength of a laminated glass (Pammer value) 


8 


8 


8 


8 


7 


Haze after 24 hours of immersion (%) 


24 


20 


14 


60 


92 


Total evaluation 


O 


O 


O 


X 


X 



[0163] It will be apparent that very satisfactory moisture resistance was obtained in Examples 5 to 7. 
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Example 8 

(1 ) Preparation of a resin 

5 [0164] To 2890 g of pure water was added 275 g of a polyvinyl alcohol) with an average polymerization degree of 
1 700 and a saponification degree of 98.9 mole %, and the mixture was warmed for dissolving. After the reaction system 
was adjusted to 12°C, 201 g of 35% hydrochloric acid catalyst and 148 g of n-butyraldehyde were added and the 
mixture was incubated at the same temperature to precipitate the reaction product. 

[0165] The reaction mixture was then held at 45°C for 3 hours to carry the reaction to completion. This reaction 
10 mixture was washed with an excess of water to remove the unreacted n-butyraldehyde and the catalyst hydrochloric 
acid was neutralized with aqueous sodium hydroxide solution, the common neutralizing agent. The product was rinsed 
with an excess of water and dried to provide a polyvinyl butyral) resin as white powder. This resin had a vinyl acetal 
content (degree of acetal ization) of 65.0 mole %. 

15 (2) Production of an interlayer film 

[0166] The above polybutyral resin, 100 weight parts, was blended with 40 weight parts of the plasticizer triethylene 
glycol di-2-ethylbutyrate, and the mixture was press-molded with a pressing machine to provide an interlayer film. The 
elemental sodium content of this interlayer film as determined with an ICP emission spectrometry elemental analyzer 
20 was 13 ppm. The particle diameter of sodium salt in the interlayer film was 3 u.m. 

(3) Production of a laminated glass 

[0167] The above interlayer film was sandwiched between two 2.5 mm thick float glass sheets and the assembly 
25 was placed in a rubber bag and effected hot-press bonding at a temperature of 60°C and a pressure of 5 kg/cm 2 under 
suction degassing at a reduced pressure of -600 mmHg in an autoclave for 20 minutes to provide a laminated glass. 

Example 9 

30 [0168] Except that the hot-press bonding temperature for the fabrication of a laminated glass was altered to 80°C, 
the procedure of Example 8 was otherwise repeated to provide a laminated glass. The particle diameter of the sodium 
salt in the interlayer film was 3 urn 

Example 10 

35 

[0169] Except that the hot-press bonding temperature for the fabrication of a laminated glass was altered to 1 00°C. 
the procedure of Example 8 was otherwise repeated to provide a laminated glass. The particle diameter of the sodium 
salt in the interlayer film was 3 

40 Comparative Example 5 

[0170] Except that the hot-press bonding temperature for the fabrication of a laminated glass was altered to 80°C, 
the procedure of Example 8 was otherwise repeated to provide a laminated glass. The sodium content of the obtained 
interlayer film was 30 ppm and the particle diameter of the sodium salt thereof was 11 u.m. 
45 [0171] The glass laminates obtained in Examples 8 to 10 and Comparative Example 5 were respectively subjected 
to a bonding power (Pummel) test and a heat resistance test under the following conditions. A moisture resistance test 
was also performed using the same conditions as in Example 1 . 

Evaluation Methods 

50 

(1 ) Bonding power (Pummel) test 

[0172] The laminated glass is cooled at -20°C for 2 hours and, then, mounted on an automatic hammering machine. 
The whole surface of the laminated glass is uniformly strickened with the hammer head and the area of glass fragments 
55 adhering to the interlayer film is visually assessed against the graded limit samples shown in Table 1 to evaluate the 
bonding power (Pummel value). The graded limit sample is based on a 10-point scale giving 1 point for minimum 
adhesion and 10 points for maximum adhesion. The automatic hammering machine used is equipped with a hammer 
head having a curved bottom surface having a radius of curvature of 50 mm and an effective striking diameter of 5 mm 
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and weighing 240 g and the impact force of the hammer head is adjustable with a spring screw. 
(2) Heat resistance test 

[0173] In conformity with JIS R3205 "Laminated Glass", the sample laminated glass is left standing in an atmosphere 

at 130°C for 2 hours and then taken out and the presence or absence of air cells is visually examined. 

[0174] The results obtained in Examples 8 to 10 and Comparative Example 5 are collectively shown in Table 4. 



Table 4 





Example 


Compar. Ex. 


8 


9 


10 


5 


Na content (ppm) 


13 


13 


13 


30 


Particle diameter of Na ( u.m) 


3 


3 


3 


11 


Bonding strength of the laminated glass (Pammer value) 


1 


5 


8 


5 


Haze after 24 hours of immersion (%) 


37 


38 


33 


66 


Presence or absence of air form after Heat resistance test 


none 


none 


none 


none 


Total evaluation 


O 


O 


O 


X 



Example 11 

(1 ) Preparation of a resin 

[0175] To 2890 g of pure water was added 275 g of a polyvinyl alcohol) with an average polymerization degree of 
1 700 and a saponification degree of 98.9 mole %. and the mixture was warmed for dissolving. After the reaction system 
was adjusted to 12°C, 201 g of 35% hydrochloric acid catalyst and 148 g of n-butyraldehyde were added and the 
mixture was incubated at the same temperature to precipitate the reaction product. 

[0176] The reaction mixture was then held at 45°C for 3 hours to carry the reaction to completion. This reaction 
mixture was washed with an excess (30 times the resin) of water to remove the unreacted n-butyraldehyde. The pH 
of the system at this stage was found to be pH 5.1 . The system was then dehydrated with Centor dehydrating machine 
to provide a resin of 50% water content. This resin was dried in an atmosphere at 60°C and -700 mmHg to provide a 
polyvinyl butyral) resin as white powder. The acetatization rate of this resin was 65.0 mole %. 

(2) Production of an interlayer film 

[0177] The above polyvinyl butyral) resin, 100 weight parts, was blended with 40 weight parts of the plasticizer 
triethylene glycol di-2-ethylbutyrate, and the mixture was press-molded with a pressing machine to provide an interlayer 
film. The elemental sodium content of this interlayer film as determined with an ICP emission spectrometric elemental 
analyzer was 0.7 ppm. The particle diameter of sodium salt in the interlayer film was less than 0.5 \ltt\. 

(3) Production of a laminated glass 

[0178] The above interlayer film was sandwiched between two 2.5 mm thick float glass sheets and the assembly 
was placed in a rubber bag and hot-pressed at a temperature of 60°C and a pressure of 5 kg/cm 2 under suction 
degassing at a reduced pressure of -600 mmHg in an autoclave for 20 minutes to provide a laminated glass. 

Example 12 

(1) Preparation of a resin 

[0179] To 2890 g of pure water was added 275 g of a polyvinyl alcohol) with an average polymerization degree of 
1 700 and a saponification degree of 98.9 mole %, and the mixture was warmed for dissolving. After the reaction system 
was adjusted to 12°C, 201 g of 35% hydrochloric acid catalyst and 148 g of n-butyraldehyde were added and the 
mixture was incubated at the same temperature to precipitate the reaction product. 

[0180] The reaction mixture was then held at 45°C for 3 hours to carry the reaction to completion. This reaction 
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mixture was washed with an excess (30 times the resin) of water to remove the unreacted n-butyraldehyde and the 
catalyst hydrochloric acid was neutralized with aqueous sodium hydroxide solution, the common neutralizing agent. 
Then, the reaction product was rinsed with an excess (30 times the resin) of water at 50°C and dried to provide a poly 
(vinyl butyral) resin as white powder. The degree of acetalization of this resin was 65.0 mole %. 

5 

(2) Production of an interlayer film. 

[0181] The above polyvinyl butyral) resin, 100 weight parts, was blended with 40 weight parts of the plasticizer 
triethylene glycol di-2-ethylbutyrate f and the mixture was press-molded with a pressing machine to provide an interlayer 
10 film. The elemental sodium content of this interlayer film as determined with an ICP emission spectrometry elemental 
analyzer was 1 0 ppm. The particle diameter of sodium salt in the interlayer film was 3 \im. 

(3) Production of a laminated glass 

is [0182] The above interlayer film was sandwiched between two 2.5 mm thick float glass sheets and the assembly 
was placed in a rubber bag and hot-pressed at a temperature of 60°C and a pressure of 5 kg/cm 2 under suction 
degassing at a reduced pressure of -600 mmHg in an autoclave for 20 minutes to provide a laminated glass. 

Example 13 

20 

[0183] Except that post-neutralization washing was carried out with water at 60°C, the procedure of Example 1 2 was 
otherwise repeated to provide an interlayer film. The rate of acetalization of this interlayer film was 65.0 mole %. The 
elemental sodium content of this interlayer film was 15 ppm as determined with an ICP emission spectrometric ele- 
mental analyzer. The particle diameter of sodium salt in this interlayer film was 4 jim. 

25 

Example 14 

(1) Preparation of a resin 

30 [0184] To 2890 g of pure water was added 275 g of a polyvinyl alcohol) with an average polymerization degree of 
1 700 and a saponification degree of 98.9 mole %, and the mixture was warmed for dissolving. After the reaction system 
was adjusted to 12°C, 201 g of 35% hydrochloric acid catalyst and 148 g of n-butyraldehyde were added and the 
mixture was incubated at the same temperature to precipitate the reaction product. 

[0185] The reaction mixture was then held at 45°C for 3 hours to carry the reaction to completion. This reaction 
35 mixture was washed with an excess of water to remove the unreacted n-butyraldehyde and the catalyst hydrochloric 
acid was neutralized with aqueous magnesium hydroxide solution, the common neutralizing agent. The product was 
rinsed with an excess of water and dried to provide a polyvinyl butyral) resin as white powder. 

(2) Production of an interlayer film. 

40 

[0186] The above polyvinyl butyral) resin, 100 weight parts, was blended with 40 weight parts of the plasticizer 
triethylene glycol di-2-ethylbutyrate, and the mixture was press-molded with a pressing machine to provide an interlayer 
film. The elemental sodium content of this interlayer film as determined with an ICP emission spectrometric elemental 
analyzer was 0.7 ppm. The particle diameter of sodium salt in the interlayer film was less than 0.5 pin. 

45 

(3) Production of a laminated glass 

[0187] The above interlayer film was sandwiched between two 2.5 mm thick float glass sheets and the assembly 
was placed in a rubber bag and hot-pressed at a temperature of 60°C and a pressure of 5 kg/cm 2 under suction 
50 degassing at a reduced pressure of -600 mmHg in an autoclave for 20 minutes to provide a laminated glass. 

[0188] The glass laminates obtained above in Examples 11 to 14 were respectively subjected to the following heat 
resistance test. In addition, a moisture resistance test was carried out in the same manner as in Example 1 . However, 
the product of Example 14 was subjected to the moisture resistance test only. 

55 



20 



EP 1 022 261 B1 



Methods of Evaluation 
(1)Heat resistance test 

5 [0189] One gram of the resin was placed in an ordinary test tube and heated in an oil bath at 150°C for 60 minutes 
to assess the possible degradation of the resin. 

[0190] The data obtained in Examples 11 to 14 are collectively presented in Table 5. 



Table 5 



10 



15 





Example 




11 


12 


13 


14 


Na content (ppm) 


0.7 


10 


15 


0.7 


Particle diameter of Na (nm) 


0.5> 


3 


4 


0.5> 


Heat resistance test 


O.K. 


O.K. 


O.K. 




Haze after 24 hours of immersion (%) 


13 


32 


39 


24 


Total evaluation 


O 


O 


O 





20 

Example 15 

(1 ) Preparation of a resin 

25 [0191] To 2890 g of pure water was added 275 g of a polyvinyl alcohol) with an average polymerization degree of 
1700, a saponification degree of 98.9 mole % and 0.1 weight % of sodium acetate, and the mixture was warmed for 
dissolving. After the reaction system was adjusted to 12°C, 201 g of 35% hydrochloric acid catalyst and 148 g of n- 
butyraldehyde were added and the mixture was incubated at the same temperature to precipitate the reaction product. 
[0192] The reaction mixture was then held at 45°C for 3 hours to carry the reaction to completion. This reaction 

30 mixture was washed with an excess (30 times the resin) of water to remove the unreacted n-butyraldehyde and the 
catalyst hydrochloric acid was neutralized with aqueous sodium hydroxide solution, the common neutralizing agent. 
The product was rinsed with an excess of water and dried to provide a polyvinyl butyral) resin as white powder. 
[0193] The acetalization degree of this resin was 65 mole %. 

35 (2) Production of an interlayer film 

[0194] The above polyvinyl butyral) resin, 100 weight parts, was blended with 40 weight parts of the plasticizer 
triethylene glycol di-2-ethylbutyrate and the mixture was press-molded with a pressing machine to provide an interlayer 
film. The elemental sodium content of this interlayer film was 8 ppm as determined with an ICP emission spectrometric 
40 elemental analyzer. 

Example 16 

[0195] Except that 275 g of a polyvinyl alcohol) with an average polymerization degree of 1700, a saponification 
45 degree of 98.9 mole %, and a sodium acetate content of 0.4 weight %, the procedure of Example 15 was otherwise 
repeated to provide an interlayer film. The degree of acetalization of this interlayer film was 65.0 mole %. The elemental 
sodium content of this interlayer film was 1 3 ppm as determined with an ICP emission spectrometric elemental analyzer. 

Example 17 

50 

(1) Preparation of a resin 

[0196] To 2890 g of pure water was added 275 g of a polyvinyl alcohol) with an average polymerization degree of 
1700, a saponification degree of 98.9 mole % and a sodium acetate content of 0.1 weight %, and the mixture was 
55 warmed for dissolving. After the reaction system was adjusted to 12°C, 201 g of 35% hydrochloric acid catalyst and 
1 48 g of n-butyraldehyde were added and the mixture was incubated at the same temperature to precipitate the reaction 
product. 
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[0197] The reaction mixture was then held at 45°C for 3 hours to carry the reaction to completion. This reaction 
mixture was washed with an excess (30 times the resin) of water to remove the unreacted n-butyraldehyde and the 
catalyst hydrochloric acid was neutralized with magnesium octanoate. The product was rinsed with an excess of water 
and dried to provide a polyvinyl butyral) resin as white powder. The acetalization degree of this resin was 65 mole %. 

5 

(2) Production of an interlayer film 

[0198] The above polyvinyl butyral) resin, 100 weight parts, was blended with 40 weight parts of the plasticizer 
triethylene glycol di-2-ethylbutyrate and the mixture was press-molded with a pressing machine to provide an interlayer 
10 film. The elemental sodium content of this interlayer film was 2 ppm as determined with an ICP emission spectrometric 
elemental analyzer. 

Example 18 

15 [0199] Except that ethylene oxide was used as the neutralizer of the hydrochloric acid catalyst, the procedure of 
Example 1 7 was otherwise repeated to provide an interlayer film. The degree of acetalization of this interlayer film was 
65 mole %. The elemental sodium content of this interlayer film was 2 ppm as determined with an ICP emission spec- 
trometric elemental analyzer. 

[0200] The interlayer films obtained in Examples 15-18 were respectively subjected to a heat resistance test as in 
20 Example 11 and a moisture resistance test as in Example 1. The results are presented in Table 6. 



Table 6 





Example 


15 


16 


17 


18 


Sodium acetate content in polyvinyl alcohol) (wt.%) 


0.1 


0.4 


0.1 


0.1 


Na content (ppm) 


8 


13 


2 


2 


Particle diameter of Na (urn) 


0.6 


2 


0.5> 


0.5> 


Heat resistance test 


O.K. 


O.K. 


O.K. 


O.K. 


Haze after 24 hours of immersion (%) 


19 


35 


11 


10 


Total evaluation 


O 


O 


O 


o 



Example 19 

(1) Preparation of a polyvinyl acetal) resin 

[0201] To 2890 g of pure water was added 275 g of a polyvinyl alcohol) with an average polymerization degree of 
1 700 and a saponification degree of 98.9 mole %, and the mixture was warmed for dissolving. After the reaction system 
was adjusted to 12°C, 201 g of 35% weight hydrochloric acid catalyst and 148 g of n-butyraldehyde were added and 
the mixture was incubated at the same temperature to precipitate the reaction product. The reaction mixture was then 
held at 45°C for 3 hours to carry the reaction to completion. This reaction mixture was washed with an excess of water 
to remove the unreacted n-butyraldehyde and the catalyst hydrochloric acid was neutralized with aqueous sodium 
hydroxide solution, the common neutralizing agent. The product was rinsed with an excess of water for 2 hours and 
dried to provide a polyvinyl butyral) resin as white powder. This resin had an average butyralization degree of 64 mole 
% and a residual acetyl group content of 1 mole %. 

(2) Production of an interlayer film for laminated glass 

[0202] To 1 00 parts of the above polyvinyl butyral) resin (average degree of polymerization: 1 700, average butyral- 
ization degree: 64 mole %, residual acetyl group content: 1 mole %) were added 40 parts of the plasticizer triethylene 
glycol di-2-ethylbutyrate and 0.08 part of magnesium octanoate as the bond strength control agent. The mixture was 
thoroughly melt-kneaded with a mixing roll and press-molded with a pressing machine at 150°C for 30 minutes to 
provide an interlayer film for laminated glass having an average thickness of 0.76 mm. 

[0203] This interlayer film for laminated glass had a sodium content of 10 ppm and a sodium salt particle diameter 
of 1 u,m. The particle diameter of magnesium salt in the interlayer film was 0.9 ^im as determined with a time-of-flight 
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secondary ion mass spectrometer (TOF-SIMS). 

(3) Production of a laminated glass 

5 [0204] The above interlayer film for laminated glass was sandwiched between transparent float glass sheets (30 cm 
x 30 cm x 3 mm thick) and the assembly was placed in a rubber bag and deaerated under a vacuum of 20 Torr for 20 
minutes. The deaerated assembly was directly transferred to an oven and pressed under vacuum at 90°C for 30 
minutes. 

[0205] The prebonded laminated glass thus obtained was further subjected to post-bonding in a preumatic autoclave 
10 at a temperature of 135°C and a pressure of 12 kg/cm 2 for 20 minutes to provide a laminated glass. 

Example 20 

[0206] Except that, in the production of an interlayer film for laminated glass, 0.09 part of magnesium neodecanoate 
is was used in lieu of 0.08 part of magnesium octanoate as the bond strength control agent, the procedure of Example 
19 was otherwise repeated to provide an interlayer film for laminated glass and a laminated glass. 
[0207] The particle diameter of magnesium salt in the interlayer film for laminated glass obtained in the above manner 
was 0.5 urn as determined by the same method as in Example 19. 

20 Example 21 

[0208] Except that, in the production of an interlayer film for laminated glass, 0.04 part of magnesium chloride was 
used in lieu of 0.08 part of magnesium octanoate as the bond strength control agent, the procedure of Example 19 
was otherwise repeated to provide an interlayer film for laminated glass and a laminated glass. 
25 [0209] The particle diameter of magnesium salt in the interlayer film for laminated glass obtained in the above manner 
was 2 urn as determined by the same method as in Example 19. 

Example 22 

30 [0210] Except that, in the production of a polyvinyl acetal) resin, basic magnesium carbonate was used in lieu of 
aqueous sodium hydroxide solution as the neutralizing agent, the procedure of Example 19 was otherwise repeated 
to provide a white powdery polyvinyl butyral) resin with an average polymerization degree of 1700, an average bu- 
tyralization degree of 64 mole %, and a residual acetyl group content of 1 mole %. 

[0211] Then, an interlayer film for laminated glass and a laminated glass were prepared in substantially the same 
35 manner as in Example 19 except that, in the preparation of the interlayer film for laminated glass, 100 parts of the 
above polyvinyl butyral) resin was used in lieu of 100 parts of the polyvinyl butyral) resin prepared in Example 1 9 and 
the addition of 0.08 part of magnesium octanoate as the bond strength control agent was omitted. 
[0212] This interlayer film had a sodium content of 0.7 ppm and a sodium salt particle diameter of not greater than 
0.5 um. The particle diameter of magnesium salt in this interlayer film was 2 u.m as determined in the same manner 
40 as in Example 19. 

Example 23 

[0213] Except that, in the preparation of polyvinyl acetal) resin, aqueous magnesium hydroxide solution was used 
45 in lieu of aqueous sodium hydroxide solution as the neutralizing agent, the procedure of Example 19 was otherwise 
repeated to provide a white powdery polyvinyl butyral) resin with an average polymerization degree of 1 700, an average 
butyralization degree of 64 mole % and a residual acetyl group content of 1 mole %. 

[0214] Then, an interlayer film for laminated glass and a laminated glass were prepared in substantially the same 
manner as in Example 19 except that 1 00 parts of the above polyvinyl butyral) resin was used in lieu of 100 parts of 
50 the polyvinyl butyral) resin obtained in Example 19 and the addition of 0.08 part of magnesium octanoate as the bond 
strength control agent was omitted in the preparation of the interlayer film. 

[0215] This interlayer film had a sodium content of 0.7 ppm and a sodium salt particle diameter of not greater than 
0.5 urn. The particle diameter of magnesium salt in this interlayer film was 2.5 p.m as determined in the same manner 
as in Example 19. 

55 

Comparative Example 6 

[0216] Except that 0.04 part of magnesium acetate, which is sparingly soluble in polyvinyl butyral) resin and plas- 
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ticizer, was used in lieu of 0.08 part of magnesium octanoate as the bond strength control agent in the preparation of 
an interlayer film for laminated glass, the procedure of Example 19 was otherwise repeated to provide an interlayer 
film for laminated glass and a laminated glass. 

[0217] The particle diameter of magnesium salt in the interlayer film for laminated glass obtained in the above manner 
was 10 M-m as determined by the same method as in Example 19. 

Comparative Example 7 

[021 8] Except that 0.04 part of magnesium acetate which is sparingly soluble in pofy(vinyl butyral) resin and plasticizer 
and 0.05 parts of butylic acid which is short-chain organic acid were used in lieu of 0.08 part of magnesium octanoate 
as the bond strength control agent in the preparation of an interlayer film for laminated glass, the procedure of Example 
19 was otherwise repeated to provide an interlayer film for laminated glass and a laminated glass. 
[021 9] The particle d iameter of magnesium salt in the interlayer film for laminated glass obtained in the above manner 
was 4 u,m as determined by the same method as in Example 19. 

[0220] The interlayer film for laminated glasses obtained in Examples 19 to 23 and Comparative Examples 6 and 7 
were respectively subjected to a moisture resistance test as in Example 1 . The results are presented in Table 7. 



Table 7 





Example 


Comp. Ex. 




19 


20 


21 


22 


23 


6 


7 




Number of carbon in acetal 


4 


4 


4 


4 


4 


4 


4 




Avarage degree of butyral ization (mole%) 


64.0 


64.0 


64.0 


64.0 


64.0 


64.0 


64.0 




Residual acetyl group content (mole%) 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 




Avarage degree of polymerization 


1700 


1700 


1700 


1700 


1700 


1700 


1700 




Plasticizer (wt. parts) 


40 


40 


40 


40 


40 


40 


40 




Na content (ppm) 


10 


10 


10 


0.7 


0.7 


10 


10 




Particle diameter of Na (ujti) 


1.0 


1.0 


1.0 


0.5> 


0.5> 


1.0 


1.0 




Addition amount of magnesium salt(wt, parts) 


0.08 


0.09 


0.04 


0 


0 


0.04 


0.04 




Particle diameter of magnesium salt (ujtj) 


0.9 


0.5 


2.0 


2.0 


2.5 


10.0 


4.0 


Haze after 24 hours of immesion (%) 


19.0 


16.4 


26.8 


28.4 


38.3 


i 92.0 


67.2 


Tatal evaluation 


O 


O 


O 


O 


O 


X 


X 



[0221] It will be apparent from Table 7 that the laminated glasses according to Examples 19 to 23 of the invention 
have excellent moisture resistance. In contrast, the glass laminates according to Comparative Examples 6 and 7, in 
which the particle diameters of magnesium salt contained in the interlayer films were over 3 ujti, showed poor moisture 
resistance. 



Example 24 

Synthesis and production 
(Synthesis of polyvinyl butyral) resin) 

[0222] A reactor equipped with a stirring means was charged with 2900 weight parts of deionized water and 198 
weight parts of a polyvinyl alcohol) with an average polymerization degree of 1700 and a saponification degree of 
99.2 mole % (corresponding to 4.5 mols of vinyl alcohol) and the charge was heated to 95°C with stirring for dissolving. 
After this solution was cooled to 30°C, 208 weight parts (2.1 moles) of 35 weight % hydrochloric acid and 1 52 weight 
parts (2.1 moles) of n-butyraldehyde were added. After the liquid temperature was lowered to 2°C, the reaction system 
was maintained at this temperature to precipitate the polyvinyl butyral) resin. The liquid temperature was then raised 
to 30°C and maintained at this level for 5 hours. Thereafter, the reaction mixture was neutralized with 1 56 weight parts 
(1 .8 moles) of sodium hydrogencarbonate, washed with water and dried to provide a polyvinyl butyral) resin with a 
butyralization degree of 65 mole %. 
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[0223] The sodium content of this polyvinyl butyral) resin was 50 ppm as determined by ICP emission spectrometry. 
The particle diameter of the sodium salt was 12 u.m. 

(Production of a resin film) 

5 

[0224] One hundred (1 00) weight parts of the polyvinyl butyral) resin obtained as above, 40 weight parts of triethylene 
glycol di-2-ethylbutyrate, 0.05 weight part of ethylenediaminetetraacetic acid, 0.04 weight part of magnesium 2-ethyl- 
butyrate and 0.05 weight part of modified silicone oil were fed to a mixing roll and kneaded. Using a pressing machine, 
this kneaded material was press-molded at 150°C and 120 kg/cm 2 for 30 minutes to provide a resin film of 0.8 mm in 
10 thickness. This resin film was subjected to a moisture resistance test as in Example 1. 
[0225] As the modified silicone oil, the oil of the following chemical formula was used. 



Oi, /CH, \ /CH, \ CH, 

CH 3 \CH, /uV /, CH, 

CH^-O-^CHjCHjahD-C^, 



Example 25 

25 [0226] A resin film was prepared and evaluated in the same manner as in Example 24 except that 0.08 weight part 
of salicylaldehyde was used in lieu of 0.05 weight part of ethylenediaminetetraacetic acid. The results are shown in 
Table 8. 

Example 26 

30 

[0227] A resin film was prepared and evaluated in the same manner as in Example 24 except that 1 .0 weight part 
of oxalic acid was used in lieu of 0.05 weight part of ethylenediaminetetraacetic acid. The results are shown in Table 8. 

Example 27 

35 

[0228] A resin film was prepared and evaluated in the same manner as in Example 24 except that 0.03 weight part 
of 1 ,10-phenanthroline was used in lieu of 0.05 weight part of ethylenediaminetetraacetic acid. The results are shown 
in Table 8. 

40 Example 28 

[0229] A resin film was prepared and evaluated in the same manner as in Example 24 except that 0.3 weight part 
of acetylacetone was used in lieu of 0.05 weight part of ethylenediaminetetraacetic acid. The results are shown in Table 
8. 

45 

Comparative Example 8 

[0230] A resin film was prepared and evaluated in the same manner as in Example 24 except that 0.05 weight part 
of ethylenediaminetetraacetic acid was not used. The results are shown in Table 8. 

50 

Comparative Example 9 

[0231] A resin film was prepared and evaluated in the same manner as in Example 24 except that 0.3 weight part 
of acetone was used in lieu of 0.05 weight part of ethylenediaminetetraacetic acid. The results are shown in 

55 
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Table 8 



5 

10 


ass 


2 6. 0 


2 9. 5 


3 5. 6 


in 

CO 


3 6. 9 


7 7. 0 


9 2. 0 


15 


Modified 


/-\ 
5'S 


0. 0 5 

i 


0. 0 5 


0. 0 5 


0. 0 5 


0. 0 5 


0. 0 5 


0. 0 5 


20 


Me salt of 
carboxyla- 
te (wt) 


0. 0 4 


0. 0 4 


0, 0 4 


0. 0 4 


0. 0 4 
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1 
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0.0 5 


0.0 8 
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45 






Example 




u 



50 

Example 29 

(1) Preparation of polyvinyl acetal) resin 

55 [0232] In 2890 g of pure water was dissolved 275 g of a polyvinyl alcohol) having an average polymerization degree 
of 1700 and a saponification degree of 98.9 mole % under heating. After this reaction system was adjusted to 12°C, 
201 g of 35 weight % hydrochloric acid catalyst and 1 48 g of n-butyraldehyde were added and the mixture was incubated 
at this temperature to precipitate the reaction product. This reaction system was held at 45° C for 3 hours to carry the 
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reaction to completion. The reaction mixture was then washed with an excess of water to remove the unreacted n- 
butyraldehyde and the hydrochloric acid catalyst was neutralized with aqueous sodium hydroxide solution, the common 
neutralizing agent. The product was rinsed with an excess of water for 2 hours and dried to provide a white powdery 
polyvinyl butyral) resin. This resin had an average butyralization degree of 64 mole % and a resin acetyl group content 
5 of 1 mole %. 

(2) Production of an interlayer film for laminated glass 

[0233] To 100 parts of the above polyvinyl butyral) resin (average polymerization degree: 1700, average butyrali- 
10 zation degree: 64 mole %, residual acetyl group content: 1 mole %) were added 40 parts of the plasticizer triethylene 
glycol di-2-ethylbutyrate, 0.75 part of dodecylbenzenesulfonic acid as the organic acid and 0.13 part of dimethyloc- 
tylamine as the amine. The mixture was thoroughly melt-kneaded with a mixing roll and press-molded with a pressing 
machine at 150°C for 30 minutes to provide an interlayer film for laminated glass having an average thickness of 0.76 
mm. 

15 [0234] The sodium content of the above interlayer film was 50 ppm as determined by ICP emission spectrometry. 
The particle diameter of elemental sodium in the interlayer film was 4 ujti as determined by time-of-flight secondary 
ion mass spectrometry (TOF-SIMS). 

(3) Production of a laminated glass 

20 

[0235] The above interlayer.film was sandwiched between two transplant float glass sheets (30 cm x 30 cm x 3 mm 
thick) and the assembly was placed in a rubber bag and deaerated under a vacuum of 20 Torr for 20 minutes. The 
deaerated assembly was immediately transferred to an oven at 90°C and pressed under suction at a constant tem- 
perature of 80°C for 30 minutes. 
25 [0236] The prebonded glass thus obtained was subjected to post-bonding in a pneumatic autoclave at 135°C and 
12 kg/cm 2 for 20 minutes to provide a laminated glass. 

[0237] The interlayer film for laminated glass thus obtained was subjected to a moisture resistance test as in Example 
1 . The results are shown in Table 9. 

30 Example 30 

[0238] A resin film was prepared and evaluated as in Example 29 except that 0.30 part of octanoic acid was added 
in lieu of 0.75 part of dodecylbenzenesulfonic acid as the organic acid and 0.35 part of decylamine in lieu of 0.1 3 part 
of dimethyloctylamine as the amine in the preparation of the interlayer film for laminated glass. The results are shown 
35 in Table 9. 

[0239] The particle diameter of the elemental sodium in the above interlayer film was 5 \xm as determined in the 
same manner as in Example 29. 

Example 31 

40 

[0240] A resin film was prepared and evaluated as in Example 29 except that 0.20 part of di(2-ethy!hexyl)phosphoric 
acid was added in lieu of 0.75 part of dodecylbenzenesulfonic acid as the organic acid in the preparation of the interlayer 
film for laminated glass. The results are shown in Table 9. 

[0241] The particle diameter of the elemental sodium in the interlayer film was 2 u.m as determined by the same 
45 method as in Example 29. 

Comparative Example 10 

[0242] A resin film was prepared and evaluated as in Example 29 except that the dispersant organic acid and amine 
50 were not added in the preparation of the interlayer film for laminated glass. The results are shown in Table 9. 

[0243] The particle diameter of the elemental sodium in the above interlayer film was 20 urn as determined in the 
same manner as in Example 29. 

Comparative Example 11 

55 

[0244] A resin film was prepared and evaluated as in Example 29 except that the addition of the dispersant organic 
acid and amine was omitted and the washing time was altered from 2 hours to 3 hours in the preparation of the interlayer 
film for laminated glass. The results are shown in Table 9. 
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[0245] The sodium content of the interiayer film was 30 ppm as determined by the same procedure as in Example 
29. The particle diameter of the elemental sodium as determined by the same method as in Example 29 was 13 urn. 



Table 9 







Example 


Comp. Bx. 






29 


30 


31 


10 


11 


Interiayer film 


Number of carbon in acetal 


4 


4 


4 


A 

4 


A 

4 




Avarage degree of butyralization (mole%) 


64.0 


64.0 


64.0 


64.0 


64.0 




Residual acetyl group content (mole%) 


1.0 


1.0 


1.0 


1.0 


1.0 




Avarage degree of polymerization 


1700 


1700 


1700 


1700 


1700 




Plasticizer (wt.parts) 


40 


40 


40 


40 


40 




Na content (ppm) 


50 


50 


50 


50 


30 




Particle diameter of Na (urn) 


4 


5 


2 


20 


13 


Haze after 24 hours of immesion(%) 


26 


28 


20 


92 


72 


Tatal evaluation 


O 


O 


O 


X 


X 



Example 32 

Synthesis and sheet formation 
(Synthesis of polyvinyl butyral) resin) 

[0246] A reactor equipped with a stirring means was charged with 2900 weight parts of deionized water, 198 weight 
parts of a polyvinyl alcohol) having an average polymerization degree of 1700 and a saponification degree of 99.2 
mole % (corresponding to 4.5 moles of vinyl alcohol) and the charge was heated at 95°C with stirring for dissolving. 
After this solution was cooled to 30°C, 196 weight parts (1.9 moles) of 35 weight % hydrochloric acid and 152 weight 
parts (2.1 moles) of n-butyraldehyde were added. After the liquid temperature was lowered to 2°C, the reaction mixture 
was incubated at this temperature to precipitate the polyvinyl butyral) resin. The liquid temperature was then raised 
to 30°C and maintained at this level for 5 hours. Thereafter, the reaction mixture was neutralized with 1 47 weight parts 
(1.7 moles) of sodium hydrogencarbonate, washed with water and dried to provide a polyvinyl butyral) resin with a 
butyralization degree of 65 mole %. 

[0247] The sodium content of this polyvinyl butyral) resin was 50 ppm as determined by ICP emission spectrometry. 
The particle diameter of sodium salt was 12 u.m. 

(Preparation of a resin film) 

[0248] One hundred (1 00) weight parts of the above polyvinyl butyral) resin, 40 weight parts of triethylene glycol di- 
2-ethylbutyrate, 0.43 weight part of p-toluenesulfonic acid and 0.23 weight part of hexylamine were fed to a mixing roll 
and kneaded. This kneaded material was press-molded with a pressing machine at 150°C and 120 kg/cm 2 for 10 
minutes to provide a resin film of 0.8 mm in thickness. This resin film was subjected to a moist blushing resistance test 
as in Example 1. The results are shown in Table 10. 

Example 33 

[0249] A resin film was prepared and evaluated as in Example 32 except that 0.49 weight part of tetradecylamine 
was used in lieu of 0.23 weight part of hexylamine. The results are shown in Table 10. 

Example 34 

[0250] A resin film was prepared and evaluated as in Example 32 except that 0.75 weight part of dodecylbenze- 
nesulfonic acid was used in lieu of 0.43 weight % of p-toluenesutfonic acid. The results are shown in Table 10. 
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Example 35 

[0251] A resin film was prepared and evaluated as In Example 32 except that 0.15 weight part of dodecylbenze- 
nesulfonic acid and 0.07 weight part of decylamine were used in lieu of 0.43 weight part of p-toluenesulfonic acid and 
5 0.23 weight part of hexylamine. The results are shown in Table 10. 

Example 36 

[0252] A resin film was prepared and evaluated as in Example 32 except that 0.75 weight part of dodecylbenze- 
10 nesulfonic acid and 0.36 weight part of decylamine were used in lieu of 0.43 weight part of p-toluenesulfonic acid and 
0.23 weight part of hexylamine. The results are shown in Table 10. 

Example 37 

15 [0253] A resin film was prepared and evaluated as in Example 32 except that 0.75 weight part of dodecylbenze- 
nesulfonic acid and 0.42 weight part of dodecyiamine were used in lieu of 0.43 weight part of p-toluenesulfonic acid 
and 0.23 weight part of hexylamine. The results are shown in Table 10. 

Example 38 

20 

[0254] A resin film was prepared and evaluated as in Example 32 except that 0.75 weight part of dodecylbenze- 
nesulfonic acid and 0.55 weight part of N,N-dioctylamine were used in lieu of 0.43 weight part of p-toluenesulfonic acid 
and 0.23 weight part of hexylamine. The results are shown in Table 10. 

25 Example 39 

[0255] A resin film was prepared and evaluated as in Example 32 except that 0.37 weight part of dodecylbenze- 
nesulfonic acid and 0. 1 8 weight part of N,N-dimethyloctylamine were used in lieu of 0.43 weight part of p-toluenesulfonic 
acid and 0.23 weight part of hexylamine. The results are shown in Table 10. 

30 

Example 40 

[0256] A resin film was prepared and evaluated as in Example 32 except that 0.75 weight part of dodecylbenze- 
nesulfonic acid and 0.36 weight part of N, N-dimethyloctylamine were used in lieu of 0.43 weight part of p-toluenesulfonic 
35 acid and 0.23 weight part of hexylamine. The results are shown in Table 10. 

Example 41 

[0257] A resin film was prepared and evaluated as in Example 32 except that 0.75 weight part of dodecylbenze- 
40 nesulfonic acid and 0.49 weight part of N.N-dimethyldodecylamine were used in lieu of 0.43 weight part of p-tolue- 
nesulfonic acid and 0.23 weight part of hexylamine. The results are shown in Table 10. 

Comparative Example 12 

45 [0258] A resin film was prepared and evaluated as in Example 32 except that the addition of 0.43 weight part of p- 
toluenesulfonic acid and 0.23 weight part of hexylamine was omitted. The results are shown in Table 10. 

Comparative Example 13 

50 [0259] A resin film was prepared and evaluated as in Example 32 except that the addition of 0.43 weight part of p- 
toluenesulfonic acid was omitted and 0.36 weight part of decylamine was used in lieu of 0.23 weight part of hexylamine. 
The results are shown in Table 10. 

Comparative Example 14 

55 

[0260] A resin film was prepared and evaluated as in Example 32 except that the addition of 0.23 weight part of 
hexylamine was omitted. The results are shown in Table 10. 
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Comparative Example 15 

[0261] A resin film was prepared and evaluated as in Example 32 except that 0.80 weight part of sodium dodecyl- 
benzenesulfonate was used in lieu of 0.43 weight part of p-toluenesulfonic acid and 0.23 weight part of hexylamine. 
The results are shown in Table 10. 

Comparative Example 16 

[0262] A resin film was prepared and evaluated as in Example 32 except that 0.33 weight part of dodecyltri methyl- 
ammonium chloride was used in lieu of 0.43 weight part of p-toluenesulfonic acid and 0.23 weight part of hexylamine. 
The results are shown in Table 10. 
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Table 10 
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50 

Example 42 

(Preparation of a polyvinyl butyral) resin) 

55 [0263] The polyvinyl butyral) resin synthesized in Example 32 was further rinsed with water and dried to provide a 
polyvinyl butyral) resin with reduced sodium salt content. 

[0264] The sodium content of this polyvinyl butyral) resin was 20 ppm as determined by ICP emission spectrometry. 
The particle diameter of the sodium salt was 3.5 u.m. 
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(Preparation of a resin film) 

[0265] One-hundred (1 00) weight parts of the polyvinyl - butyral) resin obtained above, 40 weight parts of triethylene 
glycol di-2-ethylbutyrate, 0.33 weight part of dodecylbenzenesulfonic acid and 0.17 weight part of decylamine were 
5 kneaded together and press-molded under the same conditions as used in Example 32 to provide a resin film of 0.8 
mm in thickness. This resin film was subjected to a moist blushing test as in Example 1 . The results are shown in Table 
11. 

Example 43 

10 

[0266] A resin film was prepared and evaluated as in Example 42 except that 0.17 weight part of dodecylbenze- 
nesulfonic acid and 0.09 weight part of decylamine were used in lieu of 0.33 weight part of dodecylbenzenesulfonic 
acid and 0.17 weight part of decylamine. 

15 Example 44 

[0267] A resin film was prepared and evaluated as in Example 42 except that 0.03 weight part of dodecylbenze- 
nesulfonic acid and 0.02 weight part of decylamine were used in lieu of 0.33 weight part of dodecylbenzenesulfonic 
acid and 0.17 weight part of decylamine. 

20 

Example 45 

[0268] A resin film was prepared and evaluated as in Example 42 except that 0.17 weight part of N , N-dim ethyl oc- 
tylamine was used in lieu of 0.17 weight part of decylamine. The results are shown in Table 11. 

25 

Example 46 

[0269] A resin film was prepared and evaluated as in Example 42 except that 0.17 weight part of dodecylbenze- 
nesulfonic acid and 0.09 weight part of N,N-dimethyloctyiamine were used in lieu of 0.33 weight part of dodecylben- 
30 zenesulfonic acid and 0.17 weight part of decylamine. The results are shown in Table 11. 

Example 47 

[0270] A resin film was prepared and evaluated as in Example 42 except that 0.03 weight part of dodecylbenze- 
35 nesulfonic acid and 0.02 weight part of N,N-dimethyloctylamine were used in lieu of 0.33 weight part of dodecylben- 
zenesulfonic acid and 0.17 weight part of decylamine. The results are shown in Table 11. 

Example 48 

40 [0271] A resin film was prepared and evaluated as in Example 42 except that 0.30 weight part of dodecylbenze- 
nesulfonic acid and 0.20 weight part of N.N-dimethyldodecylamine were used in lieu of 0.33 weight part of dodecyl- 
benzenesulfonic acid and 0.17 weight part of decylamine. The results are shown in Table 11. 

Example 49 

45 

[0272] A resin film was prepared and evaluated as in Example 42 except that 0.12 weight part of dodecylbenze- 
nesulfonic acid and 0.08 weight part of N.N-dimethyldodecylamine were used in lieu of 0.33 weight part of dodecyl- 
benzenesulfonic acid and 0.17 weight part of decylamine. The results are shown in Table 11. 

50 Comparative Example 17 

[0273] A resin film was prepared and evaluated as in Example 42 except that the addition of 0.33 weight part of 
dodecylbenzenesulfonic acid and 0.17 weight part of decylamine were omitted. The results are shown in Table 11 . 

55 Comparative Example 18 

[0274] A resin film was prepared and evaluated as in Example 42 except that the addition of 0.33 weight part of 
dodecylbenzenesulfonic acid was omitted and that 0.36 weight part of decylamine was used in lieu of 0. 1 7 weight part 
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of decylamine. The results are shown in Table 11 . 
Comparative Example 19 

[0275] A resin film was prepared and evaluated as in Example 42 except that 0.30 weight part of dodecylbenze- 
nesulfonic acid was used in lieu of 0.33 weight part of dodecylbenzenesulfonic acid and 0. 1 7 weight part of decylamine. 
The results are shown in Table 11. 

Comparative Example 20 

[0276] A resin film was prepared and evaluated as in Example 42 except that 0.50 weight part of sodium dodecyl- 
benzenesulfonate was used in lieu of 0.33 weight part of dodecylbenzenesulfonic acid and 0.17 weight part of de- 
cylamine. The results are shown in Table 11. 

Comparative Example 21 

[0277] A resin film was prepared and evaluated as in Example 42 except that 0.50 weight part of dodecyltrimethyl- 
ammonium chloride was used in lieu of 0.33 weight part of dodecylbenzenesulfonic acid and 0.17 weight part of de- 
cylamine. The results are shown in Table 11 . 
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Table 11 
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Example 50 



55 [0278] One-hundred (100) weight parts of the polyvinyl - butyral) resin synthesized in Example 32, 40 weight parts 
of Methylene glycol di-2-ethylbutyrate, 0.30 weight part of octanoic acid and 0.35 weight part of decylamine were 
kneaded together and press-molded under the same conditions as in Example 32 to provide a resin film of 0.8 mm in 
thickness. This resin film was subjected to a moist blushing test as in Example 1. The results are shown in Table 12. 



34 



EP 1 022 261 B1 



Example 51 

[0279] A resin film was prepared and evaluated as in Example 50 except that 0.40 weight part of dodecylamine was 
used in lieu of 0.35 weight part of decylamine. The results are shown in Table 12. 

5 

Example 52 

[0280] A resin film was prepared and evaluated as in Example 50 except that 0.45 weight part of tetradecylamine 
was used in lieu of 0.35 weight part of decylamine. The results are shown in Table 12. 

10 

Example 53 

[0281] A resin film was prepared and evaluated as in Example 50 except that 0.50 weight part of myristic acid and 
0.40 weight part of dodecylamine were used in lieu of 0.30 weight part of octanoic acid and 0.35 weight part of de- 
15 cylamine. The results are shown in Table 12. 

Example 54 

[0282] A resin film was prepared and evaluated as in Example 50 except that 0.45 weight part of N,N-dimethyldo- 
20 decylamine was used in lieu of 0.35 weight part of decylamine. The results are shown in Table 12. 

Example 55 

[0283] A resin film was prepared and evaluated as in Example 50 except that 0.30 weight part of benzoic acid and 
25 0.40 weight part of dodecylamine were used in lieu of 0.30 weight part of octanoic acid and 0.35 weight part of de- 
cylamine. The results are shown in Table 12. 

Comparative Example 22 

30 [0284] A resin film was prepared and evaluated as in Example 50 except that the addition of 0.35 weight part of 
decylamine was omitted. The results are shown in Table 12. 
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Table 12 
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Example 56 

[0285] One-hundred (100) weight parts of the polyvinyl - butyral) resin prepared in Example 42, 40 weight parts of 
triethylene glycol di-2-ethylbutyrate, 0. 1 6 weight part of di(n-butyl)phosphoric acid and 0.1 4 weight part of dodecyl amine 
were kneaded together and press-molded under the same conditions as in Example 32 to provide a resin film of 0.8 
mm in thickness. This resin film was subjected to a moist blushing resistance test as in Example 1 . The results are 
shown in Table 13. 



Example 57 

[0286] A resin film was prepared and evaluated as in Example 56 except that 0.17 weight part of di(n-butyl)phosphoric 
acid and 0.1 3 weight part of N,N-dimethyloctylamine were used in lieu of 0.1 6 weight part of di(n-butyl)phosphoric acid 
and 0.14 weight part of dodecylamine. The results are shown in Table 13. 
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Example 58 

[0287] A resin film was prepared and evaluated as in Example 56 except that 0.19 weight part of di(n-ethylhexyl) 
phosphoric acid and 0.11 weight part of dodecylamine were used in lieu of 0.16 weight part of di(n-butyl)phosphoric 
acid and 0.14 weight part of dodecylamine. The results are shown in Table 13. 

Example 59 

[0288] A resin film was prepared and evaluated as in Example 56 except that 0.20 weight part of di(n-ethylhexyl) 
phosphoric acid and 0.10 weight part of N,N-dimethyloctylamine were used in lieu of 0.16 weight part of di(n-butyl) 
phosphoric acid and 0. 1 4 weight part of dodecylamine. The results are shown in Table 1 3. 

Example 60 

[0289] A resin film was prepared and evaluated as in Example 56 except that 0.20 weight part of di(n-dodecyl) 
phosphoric acid and 0.10 weight part of dodecylamine were used in lieu of 0.16 weight part of di(n-butyl)phosphoric 
acid and 0.14 weight part of dodecylamine. The results are shown in Table 13. 

Example 61 

[0290] A resin film was prepared and evaluated as in Example 56 except that 0.21 weight part of di(2-dodecyl) 
phosphoric acid and 0.09 weight part of N,N-dimethyloctylamine were used in lieu of 0.16 weight part of di(n-butyl) 
phosphoric acid and 0.14 weight part of dodecylamine. The results are shown in Table 13. 

Example 62 

[0291] A resin film was prepared and evaluated as in Example 56 except that 0.1 7 weight part of diphenylphosphoric 
acid and 0.13 weight part of dodecylamine were used in lieu of 0.16 weight part of di(n-butyl)phosphoric acid and 0.14 
weight part of dodecylamine. The results are shown in Table 13. 

Comparative Example 23 

[0292] A resin film was prepared and evaluated as in Example 56 except that 0.30 weight part of sodium mono(n- 
dodecyl)phosphate was used in lieu of 0.16 weight part of di(n-butyl)phosphoric acid and 0.14 weight part of do- 
decylamine. The results are shown in Table 13. 

Comparative Example 24 

[0293] A resin film was prepared and evaluated as in Example 56 except that 0.33 weight part of dodecyltrimethyl- 
ammonium chloride was used in lieu of 0.16 weight part of di(n-butyl)phosphoric acid and 0.14 weight part of do- 
decylamine. The results are shown in Table 13. 
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Table 13 
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50 Example 63 

(1) Preparation of a polyvinyl acetal) resin 

[0294] In 2890 g of pure water was dissolved 275 g of a polyvinyl alcohol) having an average polymerization degree 
55 of 1 700 and a saponification degree of 98.9 mole % under warming. After the temperature of the reaction system was 
adjusted to 12°C, 201 g of 35 weight % hydrochloric acid catalyst and 148 g of n-butyraldehyde were added and the 
mixture was incubated at the same temperature to precipitate the reaction product. The reaction system was then 
maintained at 45°C for 3 hours to carry the reaction to completion. The reaction mixture was washed with an excess 
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of water to remove the unreacted n-butyraldehyde and the catalyst hydrochloric acid was neutralized with aqueous 
sodium hydroxide solution. The mixture was further washed with an excess of water for 2 hours and then dried to 
provide a white powdery polyvinyl butyral) resin. This polyvinyl butyral) resin showed an average polymerization 
degree 0 f 1700, a butyralization degree of 65 mole %, a residual acetyl group content of 1 mole %, a residual vinyl 
5 alcohol content of 34 mole %, a neutral salt (NaCI) content of 20 ppm as sodium, and a neutral salt particle diameter 
of 2 ^im. 

(2) Production of an interlayer film for laminated glass 

10 [0295] To 100 parts of the polyvinyl butyral) resin obtained as above were added 40 parts of the plasticizer triethylene 
glycol di-2-ethylbutyrate (3GH), 0.071 part (2.8x10^ mole) of the metal salt of carboxylate (bond strength control agent) 
magnesium 2-ethylbutanoate (of 6 carbons) and suitable amounts of ultraviolet absorber and antioxidant, followed by 
thorough mixing. The organic acid content of the 3GH used above was 100 ppm. Then, using a compact extruder 
(trade name: Laboplastomill, Toyo Precision Machinery) equipped with a T-die, the mixture prepared as above was 

15 extruded at an extrusion temperature of 80 to 180°C and a die exit temperature of 200°C to provide an interlayer film 
for laminated glass of about 0.8 mm in thickness. 

(3) Production of a laminated glass 

20 [0296] After the interlayer film for laminated glass prepared as above was conditioned in a constant-temperature, 
constant humidity chamber to a water content of 0.4 to 0.5 weight %, it was sandwiched between two float glass sheets 
(2.4 mm thick) and prebonded by means of a roll. This prebonded assembly was post-bonded in an autoclave at a 
temperature of 130°C and a pressure of 13 kg/cm 2 to provide a laminated glass. 

25 (4) Evaluation 

[0297] The performance characteristic (Pummel value) of the above laminated glass was evaluated by the method 
described below. The moisture resistance of the laminate was evaluated by the method described in Example 1 . The 
results are set forth in Table 14. 

30 

Evaluation method 
(1) Pummel value 

35 [0298] The laminated glass left standing at a temperature of -1 8°±0.6°C for 1 6 hours for conditioning is stricken with 
a hammer having a head weighing 0.45 kg until the diameter of glass fragments produced has reached 6 mm or less. 
Then, the extent of exposure of the interlayer film after partical exfoliation of the glass was evaluated against the graded 
limit sample and converted to a Pammel value according to the criteria shown in Table 1 . The Pummel value was 
determined under three conditions, (a) initial, (b) after 1 month at 50°C, and (c) after 2 months at 50°C. The larger the 

40 Pammel value is, the higher is the bond strength between sheet and glass. By the same token, the smaller the Pammel 
value is, the lower is the bond strength between the interlayer film and the glass. 

Examples 64 to 69 

45 [0299] Except that the metal salt of carboxylates shown in Table 14 were respectively used as the bond strength 
control agent, the procedure of Example 63 was otherwise repeated to provide interlayer film for laminated glasses 
and glass laminates. 

Comparative Example 25 

50 

[0300] Except that 0.04 part (2.8X10- 4 mole) of magnesium acetate (of 2 carbons) was used in lieu of 0.071 part of 
magnesium 2-ethylbutanoate as the metal salt of carboxylate in the preparation of an interlayer film for laminated glass, 
the procedure of Example 63 was otherwise repeated to provide an interlayer film for laminated glass and a laminated 
glass. 

55 

Comparative Example 26 

[0301] Except that the metal salt of carboxylate shown in Table 14 was incorporated as the bond strength control 
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agent, the procedure of Example 63 was otherwise repeated to provide an interlayer film for laminated glass and a 
laminated glass. 

[0302] The performance characteristics of the laminated glasses obtained in Examples 64 to 69 and Comparative 
Examples 25 and 26 were evaluated as in Example 63. The results are set forth in Table 14. 
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Table 14 
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Example 70 

[0303] An inteiiayer film for laminated glass was prepared as in Example 63 except that the following composition 
was used: 100 parts of the polyvinyl butyral) resin prepared as in Example 65 (average degree of polymerization: 
1650, degree of butyralization: 67 mole %, residual acetyl group content: 1 mole %, residual vinyl alcohol content: 32 
mole %, sodium content: 20 ppm, neutral salt particle diameter: 2 u.m) as the polyvinyl acetal) resin, 38 parts of 
Methylene glycol di-2-ethyihexanoate (3GO) as the plasticizer, 0.071 part (2.8x1 0" 4 mole) of magnesium 2-ethyibu- 
tanoate (of 6 carbons) as the metal salt of carboxylate, suitable amounts of ultraviolet absorber and antioxidant. 
[0304] Using the interlayer film for laminated glass obtained as above, a laminated glass was fabricated in the same 
manner as in Example 63. 

Examples 71 and 72 

[0305] Except that the metal salt of carboxylates shown in Table 15 were respectively used as the bond strength 
control agent, the procedure of Example 70 was otherwise repeated to provide interlayer film for laminated glasses 
and glass laminates. 

Example 73 

[0306] An interlayer film for laminated glass and a laminated glass were prepared as in Example 70 except that a 
polyvinyl butyral) resin (average degree of polymerization: 1650, degree of butyralization: 67 mole %, residual acetyl 
group content: 1 mole %, residual vinyl alcohol content: 32 mole %), the neutral salt (sodium chloride) content of which 
had been reduced to 1 0 ppm as sodium by washing with pure water was used as the polyvinyl acetal) resin. 

Examples 74 to 78 

[0307] Except that the metal salt of carboxylates shown in Table 15 were respectively used as the bond strength 
control agent, the procedure of Example 70 was otherwise repeated to provide interlayer film for laminated glasses 
and glass laminates. 

Comparative Example 27 

[0308] An interlayer film for laminated glass and a laminated glass were prepared as in Example 70 except that 0.04 
part (2.8x1 0" 4 mole) of magnesium acetate was added in lieu of 0.071 part of magnesium 2-ethylbutanoate as the 
metal salt of carboxylate in the preparation of an interlayer film for laminated glass. 

[0309] The performance characteristics of the glass laminates obtained in Examples 70 to 78 and Comparative 
Example 27 were evaluated as in Example 63. The results are set forth in Table 15. 



42 



EP 1 022 261 B1 



Table 15 
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Example 79 

[0310] An interlayer film for laminated glass was prepared by the same procedure as in Example 63 except that the 
following sheet composition was used: 1 00 parts of a polyvinyl butyral) resin (average degree of polymerization: 1 720, 
degree of butyral ization: 66 mole %, residual acetyl group content: 1 mole %, residual vinyl alcohol content: 33 mole 
%, sodium content: 20 ppm, neutral salt particle diameter: 2 u.m) as the polyvinyl acetal) resin, 39 parts of tetraethylene 
glycol di-2-ethylhexanoate (4GO) as the plasticizer, 0.079 part (2.8x1 0" 4 mole) of magnesium 2-ethylpentanoate (of 7 
carbons) as the metal salt of carboxylate, and suitable amounts of ultraviolet absorber and antioxidant 
[0311] Using the interlayer film for laminated glass obtained as above, a laminated glass was fabricated as in Example 
63. 

Examples 80 to 82 

[0312] Except that the metal salt of carboxylates shown in Table 16 were respectively used as the bond strength 
control agent, the procedure of Example 79 was otherwise repeated to provide interlayer film for laminated glasses 
and glass laminates. 

Comparative Example 28 

[031 3] An interlayer film for laminated glass and a laminated glass were prepared as in Example 79 except that 0.04 
part (2.8x1 0 -4 mole) of magnesium acetate (of 2 carbons) was used in lieu of 0.079 part of magnesium 2-ethylpen- 
tanoate as the metal salt of carboxylate in the preparation of the interlayer film for laminated glass. 
[0314] The performance characteristics of the glass laminates obtained in Examples 79 to 82 and Comparative 
Example 28 were evaluated as in Example 63. The results are set forth in Table 16. 
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Example 83 

[0315] An interlayer film for laminated glass was prepared as in Example 63 except that the following composition 
was used: 100 parts of a polyvinyl butyral) resin (average degree of polymerization: degree of 1650, butyralization: 
68 mole %, residual acetyl group content: 1 mole %, residual vinyl alcohol content: 31 mole %), the neutral salt (sodium 
chloride) content of which had been reduced to 20 ppm as sodium by washing with pure water, as the polyvinyl acetal) 
resin, 36 parts of dihexyl adipate (DHA) as the plasticizer, 0.071 part (2.8x1 0" 4 mole) of magnesium 2-ethyIbutanoate 
(of 6 carbons) as the metal salt of carboxylate, and suitable amounts of ultraviolet absorber and antioxidant. 
[0316] Using the laminate glass interlayer film obtained as above, a laminated glass was fabricated as in Example 63. 

Examples 84 and 85 

[0317] Except that the metal salt of carboxylates shown in Table 17 were respectively used as the bond strength 
control agent, interlayer film for laminated glasses and glass laminates were prepared as in Example 83. 

Comparative Example 29 

[031 8] An interlayer film for laminated glass and a laminated glass were prepared as in Example 83 except that 0.04 
part (2.8x1 0- 4 mole) of magnesium acetate (of 2 carbons) was added in lieu of 0.071 part of magnesium 2-ethylbu- 
tanoate as the metal salt of carboxylate in the preparation of the interlayer film. 

Comparative Example 30 

[0319] Except that the metal salt of carboxylate shown in Table 17 was used as the bond strength control agent, the 
procedure of Example 83 was otherwise repeated to provide an interlayer film for laminated glass and a laminated glass. 
[0320] The performance characteristics of the glass laminates obtained in Examples 83 to 85 and Comparative 
Examples 29 and 30 were evaluated as in Example 63. The results are set forth in Table 17. 
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Example 86 

[0321] One-hundred (100) weight parts of the polyvinyl butyral) resin obtained in Example 42, 40 weight parts of 
triethylene glycol di-2-ethylbutyrate, 0.056 weight part of camphorsulfonic acid and 0.044 weight part of N.N-dimeth- 
5 yloctylamine were kneaded together and press-molded under the same conditions as in Example 42 to provide a resin 
film of 0.8 mm in thickness. This resin film was subjected to a moist blushing test as in Example 1. The results are 
shown in Table 18. 

Example 87 

10 

[0322] A resin film was prepared and evaluated in the same manner as in Example 86 except that 0.043 weight part 
of hydroxypropanesulfonic acid and 0.057 weight part of N,N-dimethyloctylamine were used in lieu of 0.056 weight 
part of comphorsulfonic acid and 0.044 weight part of N,N-dimethyloctylamine. The results are shown in Table 18. 

15 Example 88 

[0323] Except that 0.056 weight part of mesitylenesulfonic acid was used in lieu of 0.056 weight part of camphorsul- 
fonic acid, a resin film was prepared and evaluated as in Example 86. The results are shown in Table 18. 

20 Example 89 

[0324] A resin film was prepared and evaluated as in Example 86 except that 0.08 weight part of dodecylbenze- 
nesulfonic acid and 0.02 weight part of pyridine were used in lieu of 0.056 weight part of comphorsulfonic acid and 
0.044 weight part of N,N-dimethyloctyiamine. The results are shown in Table 18. 

25 

Example 90 

[0325] A resin film was prepared and evaluated as in Example 86 except that 0.061 weight part of dodecylbenze- 
nesulfonic acid and 0.039 weight part of p-toluidine were used in lieu of 0.056 weight part of camphorsulfonic acid and 
30 0.044 weight part of N,N-dimethyloctylamine. The results are shown in Table 18. 

Example 91 

[0326] A resin film was prepared and evaluated as in Example 86 except that 0.048 weight part of 1 ,1-cyclohexan- 
35 ediacetic acid and 0.104 weight part of dodecylamine were used in lieu of 0.056 weight part of comphorsulfonic acid 
and 0.044 weight part of N,N-dimethyloctylamine. The results are shown in Table 18. 

Example 92 

40 [0327] A resin film was prepared and evaluated as in Example 86 except that 0.042 weight part of salicylic acid and 
0.06 weight part of dodecylamine were used in lieu of 0.056 weight part of camphorsulfonic acid and 0.044 weight part 
of N.N-dimethyloctylamine. The results are shown in Table 18. 

Comparative Example 31 

45 

[0328] A resin film was prepared and evaluated as in Example 86 except that 0.1 weight part of pyridine was used 
in lieu of 0.056 weight part of camphorsulfonic acid and 0.044 weight part of N.N-dimethyloctylamine. The results are 
shown in Table 18. 

50 Comparative Example 32 

[0329] A resin film was prepared and evaluated as in Example 86 except that 0.1 weight part of salicylic acid was 
used in lieu of 0.056 weight part of camphorsulfonic acid and 0.044 weight part of N,N-dimethyloctylamine. The results 
are shown in Table 18. 

55 

Comparative Example 33 

[0330] A resin film was prepared and evaluated as in Example 86 except that 0.1 weight part of sodium camphorsul- 
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fonate was used in lieu of 0.056 weight part of camphorsulfonic acid and 0.044 weight part of N,N-dimethyloctylamine. 
The results are shown in Table 18. 

Comparative Example 34 

5 

[0331] A resin film was prepared and evaluated as in Example 86 except that 0.1 weight part of pyridinium chloride 
was used in lieu of 0.056 weight part of camphorsulfonic acid and 0.044 weight part of N,N-dimethylocty!amine. The 
results are shown in Table 18. 
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Example 93 

55 

[0332] One-hundred (100) weight parts of the polyvinyl butyral) resin prepared in Example 42, 40 weight parts of 
triethylene glycol di-2-ethylbutyrate, 0.4 weight part of octanoic acid, 0.11 weight part of N,N-dimethyloctylamine and 
0.037 weight part of magnesium 2-ethylbutyrate were kneaded together and press-molded as in Example 42 to provide 
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a resin film of 0.8 mm in thickness. This resin film was subjected to a moist blushing test as in Example 1. 
[0333] In addition, the above resin film was sandwiched between two glass sheets (4x4 cm) to fabricate a laminated 
glass. Using this laminated glass, a peeling test was performed by the following method. The results are shown in 
Table 19. 

5 

Peeling test 

[0334] The laminated glass was immersed in water at 60°C for 1 week and dried in an oven at 80°C for 4 hours. 
This immersion and drying cycle was repeated for a total of 3 times and the degree of exfoliation of the interlayer film 
10 adjoining to the laminated glass was visually examined. 

Example 94 

[0335] A resin film and a laminated glass were prepared and evaluated as in Example 93 except that the amount of 
15 N.N-dimethyloctylamine was altered to 0.28 weight part. The results are shown in Table 19. 

Example 95 

[0336] A resin film and a laminated glass were prepared and evaluated as in Example 93 except that the amount of 
20 octanoic acid was altered to 0.1 weight part and that of N, N-dimethyloctylamine was altered to 0.06 weight part. The 
results are shown in Table 19. 

Example 96 

25 [0337] A resin film and a laminated glass were prepared and evaluated as in Example 93 except that the amount of 
octanoic acid and N, N-dimethyloctylamine were altered to 0.2 weight part and 0.09 weight part, respectively, and, in 
addition, 0.045 weight part of magnesium 2-ethyIhexanoate was used in lieu of 0.037 weight part of magnesium 2-ethyl- 
butyrate. The results are shown in Table 19. 

30 Example 97 

[0338] A resin film and a laminated glass were prepared and evaluated as in Example 93 except that the amount of 
octanoic acid and N.N-dimethyloctylamine were altered to 0.1 weight part and 0.06 weight part, respectively, and that 
0.045 weight part of magnesium 2-ethylhexanoate was used in lieu of 0.037 weight part of magnesium 2-ethylbutyrate. 
35 The results are shown in Table 1 9. 

Example 98 

[0339] A resin film and a laminated glass were prepared and evaluated as in Example 93 except that the amount of 
40 octanoic acid was altered to 0. 1 weight part and that 0.06 weight part of decylamine and 0.045 weight part of magnesium 
2-ethylhexanoate were used in iieu of 0.1 1 weight part of N.N-dimethyloctylamine and 0.037 weight part of magnesium 
2-ethylbutyrate. The results are shown in Table 19. 

Example 99 

45 

[0340] A resin film and a laminated glass were prepared and evaluated as in Example 93 except that 0.03 weight 
part of di(2-ethylhexyl)phosphoric acid was used in lieu of 0.4 weight part of octanoic acid and that the amount of N, 
N-dimethyloctylamine was altered to 0.02 weight part. The results are shown in Table 19. 

50 Comparative Example 35 

[0341] The laminated glass obtained in Comparative Example 1 2 was subjected to a peeling test as in Example 93. 
The results are shown in Table 19. 

55 Comparative Example 36 

[0342] A resin film and a laminated glass were prepared and evaluated as in Example 93 except that the addition of 
octanoic acid and N, N-dimethyloctylamine was omitted. The results are shown in Table 19. 
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Comparative Example 37 

[0343] A resin film and a laminated gtass were prepared and evaluated as in Example 93 except that the addition of 
N.N-dimethyloctylamine was omitted. The results are shown in Table 19. 

5 

Comparative Example 38 

[0344] A resin film and a laminated glass were prepared and evaluated as in Example 93 except that the addition of 
octanoic acid was omitted. The results are shown in Table 19. 

10 

Comparative Example 39 

[0345] A resin film and a laminated glass were prepared and evaluated as in Example 93 except that the addition of 
octanoic acid and N,N-dimethyloctylamine was omitted and that 0.045 weight part of magnesium 2-ethylhexanoate 
15 was used in lieu of 0.037 weight part of magnesium 2-ethylbutyrate. The results are shown in Table 19. 

Comparative Example 40 

[0346] A resin film and a laminated glass were prepared and evaluated as in Example 93 except that 0.2 weight part 
20 of octanoic acid and 0.045 weight part of magnesium 2-ethylhexanoate were used in lieu of 0.4 weight part of octanoic 
acid, 0.11 weight part of N,N-dimethyloctylamine and 0.037 weight part of magnesium 2-ethylbutyrate. The results are 
shown in Table 19. 

Comparative Example 41 

25 

[0347] A resin film and a laminated glass were prepared and evaluated as in Example 93 except that 0.1 weight part 
of octanoic acid and 0.045 weight part of magnesium 2-ethylhexanoate were used in lieu of 0.4 weight part of octanoic 
acid, 0.1 1 weight part of N,N-dim ethyl octyl amine and 0.037 weight part of magnesium 2-ethylbutyrate. The results are 
shown in Table 19. 
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Table 19 
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INDUSTRIAL APPLICABILITY 

[0348] Having the constitution described above, the present invention provides an interlayer film for laminated glass 
and a laminated glass, which are substantially free from blushing along the peripheral edge of the glass even in a 
highly humid environment and not compromised in transparency, weather resistance, bond strength and penetration 
resistance. 



Claims 

1. An interlayer film for laminated glass consisting essentially of a plasticized polyvinyl acetal) resin and having the 
haze of not more than 50%, as measured by using an integrating turbidimeter manufactured by Tokyo Denshoku, 
when said interlayer film with a thickness of 0.3 to 0.8 mm is cut to 4 x 4 cm and immersed in deionized water at 
23°C for 24 hours. 

2. The interlayer film for laminated glass according to claim 1 , wherein the particle diameter of the sodium salt in said 
interlayer film is not greater than 5 |xm and the concentration of sodium in the interlayer film is not greater than 50 
ppm. 

3. The interlayer film for laminated glass according to claim 1 or 2, wherein the particle diameter of the potassium 
salt in the interlayer film is not greater than 5 u/n and the concentration of potassium in the interlayer film is not 
greater than 100 ppm. 

4. The interlayer film for laminated glass according to any one of claims 1 to 3, which comprises a compound capable 
of forming a complex with sodium and potassium salts. 

5. The interlayer film for laminated glass according to any one of claims 1 to 4, which comprises at least one member 
selected from the group consisting of a sulfonic acid containing 2 to 21 carbon atoms, a carboxylic acid containing 
2 to 20 carbon atoms, a phosphoric acid of the general formula (II) below, and an amine of the general formula 
(III) below : 



y- R > R « 

R'— 0-P=0 (II) R s — N (III) 

Ah V 



wherein R 3 represents an aliphatic hydrocarbon group containing 1 to 1 8 carbon atoms or an aromatic hydrocarbon 
group containing 1 to 18 carbon atoms, R 4 represents a hydrogen atom, an aliphatic hydrocarbon group containing 
1 to 18 carbon atoms or an aromatic hydrocarbon group containing 1 to 18 carbon atoms; and R 5 , R 6 and R 7 may 
the same or different and each represents a hydrogen atom, an aliphatic hydrocarbon group containing 1 to 20 
carbon atoms or an aromatic hydrocarbon group containing 1 to 20 carbon atoms. 

6. The interlayer film for laminated glass according to claim 5, which comprises a sulfonic acid containing 2 to 21 
carbon atoms in an amount of 0.01 to 2 parts by weight per 100 parts by weight of the polyvinyl acetal) resin. 

7. The interlayer film for laminated glass according to claim 5, which comprises a carboxylic acid containing 2 to 20 
carbon atoms, preferably 6 to 14 carbon atoms, in an amount of 0.01 to 3 parts by weight per 100 parts by weight 
of the polyvinyl acetal) resin. 

8. The interlayer film for laminated glass according to claim 5, which comprises a phosphoric acid of general Formula 
II, in an amount of 0.01 to 2 parts by weight per 1 00 parts by weight of the polyvinyl acetal) resin. 

9. The interlayer film for laminated glass according to claim 6, which comprises an amine of formula III, in an amount 
of 0.01 to 2 parts by weight per 100 parts by weight of the polyvinyl acetal) resin. 
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10. The interlayer film for laminated glass according to claim 7, which comprises an amine of formula III, in an amount 
of 0.01 to 3 parts by weight per 1 00 parts by weight of the polyvinyl acetal) resin. 

11. The interlayer film for laminated glass according to claim 8, which comprises an amine of formula III, in an amount 
of 0.01 to 2 parts by weight per 1 00 parts by weight of the polyvinyl acetal) resin. 

12. The interlayer film for laminated glass according to any one of claims 1 to 11 , which further comprises at least one 
member selected from the group consisting of alkali metal salts and alkaline earth metal salts. 

13. The interlayer film for laminated glass according to claim 12, wherein the alkali metal salt has a particle diameter 
of not greater than 3 |im and the alkaline earth metal salt has a particle diameter of not greater than 3 u.m. 

14. The interlayer film for laminated glass according to claim 12 or 13, wherein the alkali metal salt is an alkali metal 
salt of an organic acid containing 5 to 16 carbon atoms and the alkaline earth metal salt is an alkaline earth metal 
salt of an organic acid containing 5 to 16 carbon atoms. 

1 5. The interlayer film for laminated glass according to claim 14, wherein said alkaline earth metal salt of organic acid 
is a magnesium salt of a carboxylic acid or dicarboxylic acid containing 6 to 10 carbon atoms. 

16. The interlayer film for laminated glass according to claim 12 to 14, wherein said alkali metal salt or alkaline metal 
salts is present in an amount of 0.01 to 0.2 parts by weight per 100 parts by weight of the polyvinyl acetal) resin. 

17. The interlayer film for laminated glass according to any one of claims 1 to 1 6, wherein said polyvinyl acetal) resin 
is produced by the process which comprises washing the synthesized polyvinyl acetal) resin with water until a pH 
of 5 or above is attained, and drying it at a temperature of not higher than 60°C, without resort to neutralization 
procedure. 

18. The interlayer film for laminated glass according to claim 17, wherein said washing is carried out with water at a 
temperature of not lower than 40°C. 

19. The interlayer film for laminated glass according to any one of claims 1 to 16, wherein said polyvinyl acetal) resin 
is produced by the process which comprises using, in synthesizing a polyvinyl acetal) resin by reacting polyvinyl 
alcohol) with an aldehyde in the presence of hydrochloric acid catalyst, an epoxide as both a reaction terminator 
and a hydrochloric acid eliminator. 

20. The interlayer film for laminated glass according to claim 1 9, wherein said epoxide has the following general formula 



wherein R 1 and R 2 each represents a hydrogen atom or an alkyl group and n represents an integer of 0 to 3. 

21. The interlayer film for laminated glass according to any one of claims 1 to 20, wherein the plasticizer is selected 
from organic ester type plasticizers and phosphorus type plasticizers. 

22. The interlayer film for laminated glass according to claim 21 , wherein the plasticizer is an organic ester type plas- 
ticizer selected from triethylene glycol di-2-ethylbutyrate, triethylene glycol di-2-ethylhexanoate, triethylene glycol 
dicaprylate, triethylene glycol di-n-octoate, triethylene glycol di-n-heptoate, tetraethylene glycol di-n-heptoate, dib- 
utyl sebacate, dioctyl azelate, dibutylcarbitol adipate, ethylene glycol di-2-ethylenebutyrate, 1 ,3-propylene glycol 
di-2-ethylbutyrate, 1 ,4-propylene glycol di-2-ethylenebutyrate, 1 ,4~butylene glycol di-2-ethylbutyrate, 1 ,2-butylene 
glycol di-2-ethylenebutyrate, diethylene glycol di-2-ethylbutyrate, diethylene glycol di-2-ethylhexanoate, dipropyl- 
ene glycol di-2-ethylbutyrate, triethylene glycol di-2-ethylpentoate, tetraethylene glycol di-2-ethylbutyrate and di- 
ethylene glycol dicaprylate. 



(I) 



R— CH— (CH 2 )— CH — R 2 




0) 
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23. The interlayer film for laminated glass according to claims 21 or 22, wherein the addition amount of said plasticizer 
is 20 to 70 parts by weight per 100 parts of the polyvinyl acetal) resin. 

24. A laminated glass comprising at least one pair of glass sheets and, as interposed therebetween, the interlayer film 
according to any one of claims 1 to 23. 

Patentanspriiche 

1. Zwischenschicht-Folie fur Verbundglas, das im wesentlichen aus einem Poly(vinylacetal)-Weichharz besteht und 
eine Trubung von nicht mehr als 50%, gemessen unter Verwendung eines von Tokyo Denshoku hergestellten 
integrierenden Trubungsmessers, aufweist, wenn die Zwischenschicht-Folie mit einer Dicke von 0,3 bis 0,8 mm 
auf 4 x 4 cm zugeschnitten und 24 Stunden lang in entionisiertes Wasser bei 23°C getaucht wird. 

2. Zwischenschicht-Folie fur Verbundglas nach Anspruch 1, wobei der Teilchendurchmesser des Natriumsalzes in 
der Zwischenschicht-Folie nicht mehr als 5 ujn betragt und die Konzentration an Natrium in der Zwischenschicht- 
Folie nicht mehr als 50 ppm betragt. 

3. Zwischenschicht-Folie fur Verbundglas nach Anspruch 1 oder 2, wobei der Teilchendurchmesser des Kaliumsalzes 
in der Zwischenschicht-Folie nicht mehr als 5 u.m betragt und die Konzentration an Kalium in der Zwischenschicht- 
Folie nicht mehr als 100 ppm betragt. 

4. Zwischenschicht-Folie fur Verbundglas nach einem der Ansprtiche 1 bis 3, v/elche eine Verbindung umfafit, die 
in der Lage ist, mit Natrium- und Kaliumsalzen einen Komplex zu bilden. 

5. Zwischenschicht-Folie fur Verbundglas nach einem der Anspruche 1 bis 4, welche mindestens einen Vertreter 
umfafit, der ausgewahlt ist aus einer 2 bis 21 Kohlenstoffatome enthaltenden Sulfonsaure, einer 2 bis 20 Kohlen- 
stoffatome enthaltenden CarbonsSure, einer Phosphorsaure der allgemeinen Formel (II) unten und einem Amin 
der allgemeinen Formel (III) unten: 



wobei R 3 einen 1 bis 18 Kohlenstoffatome enthaltenden aliphatischen Kohl en wasserstoffrest oder einen 1 bis 18 
Kohlenstoffatome enthaltenden aromatischen Kohlenwasserstoffrest bedeutet, R 4 ein Wasserstoffatom, einen 1 
bis 18 Kohlenstoffatome enthaltenden aliphatischen Kohlenwasserstoffrest oder einen 1 bis 18 Kohlenstoffatome 
enthaltenden aromatischen Kohlenwasserstoffrest bedeutet; und R 5 , R 6 und R 7 gleich oder verschieden sein kon- 
nen und jeweils ein Wasserstoffatom, einen 1 bis 20 Kohlenstoffatome enthaltenden aliphatischen Kohlenwasser- 
stoffrest oder einen 1 bis 20 Kohlenstoffatome enthaltenden aromatischen Kohlenwasserstoffrest bedeuten. 

6. Zwischenschicht-Folie fur Verbundglas nach Anspruch 5, welche eine 2 bis 21 Kohlenstoffatome enthaltende Sul- 
fonsaure in einer Menge von 0,01 bis 2 Gewichtsteilen pro 1 00 Gewichtsteile des Poly(vinylacetal)-Harzes umfafit. 

7. Zwischenschicht-Folie fur Verbundglas nach Anspruch 5, welche eine 2 bis 20 Kohlenstoffatome, vorzugsweise 
6 bis 14 Kohlenstoffatome, enthaltende Carbonsaure in einer Menge von 0,01 bis 3 Gewichtsteilen pro 100 Ge- 
wichtsteile des Poly(vinylacetaI)-Harzes umfafit. 

8. Zwischenschicht-Folie fur Verbundglas nach Anspruch 5, welche eine Phosphorsaure der allgemeinen Formel If 
in einer Menge von 0,01 bis 2 Gewichtsteilen pro 100 Gewichtsteile des Poly(vinylacetal)-Harzes umfafit. 

9. Zwischenschicht-Folie fur Verbundglas nach Anspruch 6, welche ein Amin der Formel III in einer Menge von 0,01 
bis 2 Gewichtsteilen pro 100 Gewichtsteile des Po!y(vinylacetal)-Harzes umfafit. 
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10. Zwischenschicht-Folie fur.Verbundglas nach Anspruch 7, welche ein Amin der Formel 111 in einer Menge von 0,01 
bis 3 Gewichtsteilen pro 100 Gewichtsteile des Poly(vinylacetal)-Harzes umfafit. 

11. Zwischenschicht-Folie fur Verbundglas nach Anspruch 8, welche ein Amin der Formel III in einer Menge von 0,01 
bis 2 Gewichtsteilen pro 100 Gewichtsteile des Poly(vinylacetal)-Harzes umfalit. 

12. Zwischenschicht-Folie fur Verbundglas nach einem der Anspruche 1 bis 11 , welche weiter mindestens einen Ver- 
treter umfalit, der ausgewahlt ist aus Alkalimetallsalzen und Erdalkalimetallsalzen. 

13. Zwischenschicht-Folie fur Verbundglas nach Anspruch 12, wobei das Aikalimetallsalz einen Teilchendurchmesser 
von nicht mehr a!s 3 u,m aufweist und das Erdalkalimetallsalz einen Teilchendurchmesser von nicht mehr als 3 



14. Zwischenschicht-Folie fur Verbundglas nach Anspruch 12 oder 13, wobei das Aikalimetallsalz ein Aikalimetallsalz 
einer 5 bis 16 Kohlenstoffatome enthaltenden organischen Saure ist und das Erdalkalimetallsalz ein Erdalkalime- 
tallsalz einer 5 bis 16 Kohlenstoffatome enthaltenden organischen Saure ist. 

1 5. Zwischenschicht-Folie fur Verbundglas nach Anspruch 14, wobei das Erdalkalimetallsalz einer organischen Saure 
ein Magnesiumsalz einer 6 bis 10 Kohlenstoffatome enthaltenden CarbonsSure oder Dicarbonsaure ist. 

16. Zwischenschicht-Folie fur Verbundglas nach Anspruch 12 bis 14, wobei das Aikalimetallsalz bzw. die Alkalimetall- 
salze in einer Menge von 0,01 bis 0,2 Gewichtsteilen pro 100 Gewichtsteile des Poly(vinylacetal)-Harzes vorhan- 
den ist bzw. sind. 

17. Zwischenschicht-Folie fur Verbundglas nach einem der Anspruche 1 bis 16, wobei das Poly(vinylacetal)-Harz mit 
Hilfe des Verfahrens hergestellt wird, welches das Waschen des synthetisierten Poly(vinylacetal)-Harzes mit Was- 
ser, bis ein pH von 5 oder daruber erreicht ist, und Trocknen desselben bei einer Temperatur von nicht mehr als 
60°C, ohne auf ein Neutralisationsverfahren zuruckzugreifen, umfalit. 

18. Zwischenschicht-Folie fur Verbundglas nach Anspruch 17, wobei das Waschen mit Wasser bei einer Temperatur 
von nicht weniger als 40°C durchgefuhrt wird. 

19. Zwischenschicht-Folie fur Verbundglas nach einem der Anspruche 1 bis 1 6, wobei das Poly(vinylacetal)-Harz mit 
Hilfe des Verfahrens hergestellt wird, das die Verwendung eines Epoxids sowohl als Reaktionsterminator als auch 
als Salzsaure-Abfanger bei der Synthese eines Poly(vinylacetal)-Harzes durch Umsetzen von Poly(vinylalkohol) 
mit einem Aldehyd in Gegenwart von Salzsaure-Katalysator umfaftt. 

20. Zwischenschicht-Folie fur Verbundglas nach Anspruch 19, wobei das Epoxid die folgende allgemeine Formel (I) 
aufweist 



wobei R 1 und R 2 jeweils ein Wasserstoffatom oder einen Alkylrest bedeuten und n eine ganze Zahl von 0 bis 3 
bedeutet. 

21 . Zwischenschicht-Folie fur Verbundglas nach einem der Anspruche 1 bis 20, wobei der Weichmacher ausgewahlt 
ist aus Weichmachern vom organischen Ester-Typ und Weichmachern vom Phosphor-Typ. 

22. Zwischenschicht-Folie fur Verbundglas nach Anspruch 21 , wobei der Weichmacher ein Weichmacher vom orga- 
nischen Ester-Typ ist, der ausgewahlt ist aus Triethylenglykoldi-2-ethylbutyrat, Triethylenglykoldi-2-ethyIhexanoat, 
Triethylenglykoldicaprylat, Triethylenglykoldi-n-octoat, Triethylenglykoldi-n-heptoat, Tetraethylenglykoldi-n-hep- 
toat, Dibutylsebacat, Dioctylazelat, Dibutylcarbitoladipat, Ethylenglykoldi-2-ethylenbutyrat, 1 ,3-Propylenglykoldi- 
2-ethylbutyrat, 1 ,4-Propylenglykoldi-2-ethylenbutyrat, 1 ,4-Butylenglykoldi-2-ethylbutyrat, 1 ,2-Butylenglykoldi- 



aufweist. 
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2-ethylenbutyrat, Diethylenglykoldi-2-ethylbutyrat, Diethylenglykoldi-2-ethylhexanoat, Dipropylenglykoldi-2-ethyl- 
butyrat, Triethylenglykoldi-2-ethylpentoat, Tetraethylenglykoldi-2-ethylbutyrat und Diethylenglykoldicaprylat. 

23. Zwischenschicht-Folie fur Verbundglas nach den Anspmchen.21 oder 22, wobei die Zugabemenge des Weich- 
5 machers 20 bis 70 Gewichtsteile pro 100 Gewichtsteile des Poly(vinylacetal)-Harzes betragt. 

24. Verbundglas, umfassend mindestens ein Paar Glasplatten und dazwischen die Zwischenschicht-Folie nach einem 
der Anspruche 1 bis 23. 

10 

Revendications 

1. Film intermediate pour verre feuillete consistant essentiellement en une resine poly(vinylacetal) plastifiee et dont 
le trouble, mesure a I'aide d'un turbtdimetre integrateur fabrique par Tokyo Denshoku, est d'au plus 50 % lorsque 

15 ledit film intermediate ayant une epaisseur de 0,3 a 0,8 mm est decoupe a 4 x 4 cm et immerge dans de I'eau 

desionisee a 23°C pendant 24 heures. 

2. Film intermediate pour verre feuillete selon la revendication 1 , dans lequel le diametre des particules de sels de 
sodium dans ledit film intermediaire est d'au plus 5 u.m et la concentration de sodium dans ledit film intermediaire 

20 est d'au plus 50 ppm. 

3. Film intermediaire pour verre feuillete selon la revendication 1 ou 2, dans lequel le diametre des particules de sels 
de potassium dans ledit film intermediaire est d'au plus 5 u,m et la concentration de potassium dans ledit film 
intermediaire est d'au plus 100 ppm. 

25 

4. Film intermediaire pour verre feuillete selon Tune quelconque des revendications 1 a 3, qui comprend un compose 
capable de former un complexe avec les sels de sodium et de potassium. 

5. Film intermediaire pour verre feuillete selon I'une quelconque des revendications 1 a 4, qui comprend au moins 
30 un element choisi dans le groupe constitue par un acide sulfonique contenant 2 a 21 atomes de carbone, un acide 

carboxylique contenant 2 a 20 atomes de carbone, un acide phosphorique de formule generate (II) ci-dessous, et 
une amine de formule generale (III) ci-dessous: 

35 <j>— R 3 R * 

r— o— p=o (n) r s —n m 

L V 

40 

ou R 3 represente un groupe hydrocarbone aliphatique contenant 1 a 1 8 atomes de carbone ou un groupe hydro- 
carbone aromatique contenant 1 a 18 atomes de carbone, R 4 represente un atome d'hydrogene, un groupe hy- 
drocarbone aliphatique contenant 1 a 18 atomes de carbone ou un groupe hydrocarbone aromatique contenant 
45 1 a 18 atomes de carbone, et R 5 , R 6 et R 7 peuvent etre identiques ou differents et represented chacun un atome 

d'hydrogene, un groupe hydrocarbone aliphatique contenant 1 a 20 atomes de carbone ou un groupe hydrocarbone 
aromatique contenant 1 a 20 atomes de carbone. 

6. Film intermediaire pour verre feuillete selon la revendication 5, qui comprend un acide sulfonique contenant 2 a 
50 21 atomes de carbone en une quantite de 0,01 a 2 parties en masse pour 100 parties en masse de resine poly 

(vinylacetal). 

7. Film intermediaire pour verre feuillete selon la revendication 5, qui comprend un acide carboxylique contenant 2 
a 20 atomes de carbone, de preference 6 a 14 atomes de carbone, en une quantite de 0,01 a 3 parties en masse 

55 pour 100 parties en masse de la resine poly(vinylacetal). 

8. Film intermediaire pour verre feuillete selon la revendication 5, qui comprend un acide phosphorique de formule 
generate II, en une quantite de 0,01 a 2 parties en masse pour 100 parties en masse de la resine poly(vinylacetal). 
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9. Film intermediate pour verre feuillete selon la revendication 6, qui comprend une amine de formule III en une 
quantite de 0,01 a 2 parties en masse pour 100 parties en masse de la resine poly(vinylacetal). 

10. Film intermediaire pour verre feuillete selon la revendication 7, qui comprend une amine de formule III en une 
quantite de 0,01 a 3 parties en masse pour 100 parties en masse de la resine poly(vinylacetal). 

11. Film intermediaire pour verre feuillete selon la revendication 8, qui comprend une amine de formule HI en une 
quantite de 0,01 a 2 parties en masse pour 100 parties en masse de la resine poly(vinylacetal). 

12. Film intermediaire pour verre feuillete selon Tune quelconque des revendications 1 a 11, qui comprend en outre 
au moins un element choisi dans le groupe constitue par des sels de metaux alcalins et des sels de metaux alcalino- 



13. Film intermediaire pour verre feuillete selon la revendication 12, dans lequel le sel de metal alcalin a un diametre 
de particules d'au plus 3 u>m et le sel de metal alcalino-terreux a un diametre de particules d'au plus 3 \im. 

14. Film intermediaire pour verre feuillete selon la revendication 12 ou 13, dans lequel le sel de metal alcalin est un 
sel de metal alcalin d'un acide organique contenant 5 a 16 atomes de carbone et le sel de metal alcalino-terreux 
est un sel de metal alcalino-terreux d'un acide organique contenant 5 a 16 atomes de carbone. 

15. Film intermediaire pour verre feuillete selon la revendication 14, dans lequel ledit sel de metal alcalino-terreux 
d'acide organique est un sel de magnesium d'un acide carboxylique ou d'un acide dicarboxylique contenant 6 a 
10 atomes de carbone. 

16. Film intermediaire pour verre feuillete selon les revendications 12 a 14, dans lequel ledit sel de metal alcalin ou 
lesdits sels de metaux alcalins sont presents en une quantite de 0,01 a 0,2 partie en masse pour 100 parties en 
masse de la resine poly(vinylacetal). 

17. Film intermediaire pour verre feuillete selon I'une quelconque des revendications 1 a 16, dans lequel ladite resine 
poly(vinylacetal) est produite par un procede qui comprend le lavage de la r6sine poly(vinylacetal) synthetisee 
avec de I'eau jusqu'a Pobtention d'un pH d'au moins 5, et son sechage a une temperature d'au plus 60°C, sans 
recours a une technique de neutralisation. 

18. Film intermediaire pour verre feuillete selon la revendication 17, dans lequel ledit lavage s'effectue avec de I'eau 
a une temperature d'au moins 40°C. 

19. Film intermediaire pour verre feuillete selon I'une quelconque des revendications 1 a 16, dans lequel ladite resine 
poly(vinylacetal) est produite par un procede comprenant I'util isation, dans la synthese de la resine poly(vinylacetal) 
par reaction de poly(alcool vinylique) avec un aldehyde en presence d'acide chlorhydrique comme catalyseur, d'un 
epoxyde a la fois comme agent de terminaison de la reaction et comme agent d'elimination de I'acide chlorhydrique. 

20. Film intermediaire pour verre feuillete selon la revendication 19, dans lequel ledit epoxyde a la formule generate 
(I) suivante 



dans laquelle R 1 et R 2 represented chacun un atome d'hydrogene ou un groupe alkyle et n represente un entier 
de 0 a 3. 

21. Film intermediaire pour verre feuillete selon Tune quelconque des revendications 1 a 20, dans lequel le plastifiant 
est choisi parmi des plastifiants de type ester organique et des plastiflants de type phosphore. 

22. Film intermediaire pour verre feuillete selon la revendication 21 , dans lequel le plastifiant est un plastifiant de type 



terreux. 



R 1 -— CH— (CH 2 )— ;CH — R 2 
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ester organique choisi parmi le di-2-ethylbutyrate de triethyleneglycol, le di-2-ethylhexanoate de triethyleneglycol, 
le dicaprylate de triethyleneglycol, le di-n-octanoate de triethyleneglycol, le di-n-heptanoate de triethyleneglycol, 
le di-n-heptanoate de tetraethyleneglycol, le sebacate de dibutyle, I'azelate de dioctyle, I'adipate de dibutylcarbitol, 
le di-2-ethylenebutyrate d'ethyleneglycol, le di-2-ethylbutyrate de 1 ,3-propyleneglycol, le di-2-ethylenebutyrate de 
1,4-propyleneglycol, le di-2-ethyIbutyrate de 1,4-butyleneglycol, le di-2-ethylenebutyrate de 1 ,2-butyleneglycol, le 
di-2-ethylbutyrate de diethyleneglycol, le di-2-ethylhexanoate de diethyleneglycol, le di-2-ethylbutyrate de dipro- 
pyleneglycol, le di-2-ethylpentanoate de triethyleneglycol, le di-2-ethylbutyrate de tetraethyleneglycol et le dica- 
prylate de diethyleneglycol. 

23. Film intermediaire pour verre feuillete selon les revendications 21 ou 22, dans lequel la quantite ajoutee dudit 
plastifiant est de 20 a 70 parties en masse pour 100 parties de la resine poly(vinylacetal). 

24. Verre feuillete comprenant au moins une paire de feuilles de verre et, place entre elles, un film intermediaire selon 
Tune quelconque des revendications 1 a 23. 
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